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1 Introduction

Background

CE-QUAL-ICM (Cerco and Cole 1995) is a three-dimensional (3-D) water
quality model based on the finite volume approach. There are two versions of
this model, a eutrophication version documented by Cerco and Cole (1995), and
a toxic substance version referred to as ICM/TOXI documented by Wang et al.
(1996). The project that funded the development of ICM/TOXI also funded the

present study reported herein.

Neither version of CE-QUAL-ICM (ICM) solves for hydrodynamics, so this
information must be supplied by a hydrodynamic model for driving transport in
the ICM model. The ICM model is usually linked to output from CH3D-WES
(Johnson et al. 1991), a 3-D finite difference hydrodynamic model based on a
structured grid scheme. Structured grids assume that computational cells are
ordered along columns and rows, whereas unstructured grids allow cells to be
arranged in a nonordered fashion. Thus, unstructured grids allow greater
flexibility for describing the geometry of the domain.

RMA 10 (Norton, King, and Orlob 1973; Thomas and McAnally 1990) is a
3-D finite element hydrodynamic model frequently used by the U.S. Army
Engineer Waterways Experiment Station (WES). RMA10 is based on an
unstructured grid approach. There was a need for developing a linkage to the
RMA 10 model to allow greater flexibility provided by unstructured grids for
conducting water quality and contaminant model studies.

Objective and Scope

The objective of this study was to develop software to provide linkage of
RMA 10 output to the ICM code and to test the success of the linkage for simple
test cases. The software development consisted of basically three parts:

(a) development of a code (MAPPER) to map the finite element grid
configuration and geometry information into a file that can be interpreted by the
ICM code; (b) development of an RMA 10 postprocessor code (FEMCONVT) to
convert RMA10 velocity and water surface information at nodes to flows and
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cell areas and volumes for each ICM cell; and (c) modifications within ICM to
conform to the RMA10 linkage. Linkage testing consisted of checking local and
global volume and mass conservation and examining the transport against known
solutions. It is important to maintain mass conservation in water quality models
since they are based on the mass conservation principle.

This report is organized into chapters on Introduction, Implementation,

Testing, and Summary and Recommendations. Appendixes A-C deal with the
MAPPER, FEMCONVT, and ICM codes.
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2 Implementation

The basic requirements for the design and development of an unstructured
grid linkage methodology for ICM are as follows: (a) generating a geometry file
that relates the elements and their geometric attributes for an unstructured grid
hydrodynamic model, such as RMA10, to flow faces and computational cells of
ICM; (b) assigning a tagging system to relate flows from the hydrodynamic
model to ICM flow faces; (c) establishing a convention for positive/negative
flow directions; and (d) computing integrated flows across and normal to each
hydrodynamic element face. The linkage program MAPPER conducts the first
three tasks, while the linkage program FEMCONVT conducts the last.

MAPPER

The linkage geometry and map files are derived from the RMA10 element
connection file that is generated for a hydrodynamic run. A C language program
(MAPPER.C) was written to generate this information. MAPPER.C is described
and listed in Appendix A. Descriptions of the RMA10 node and element
connectivity scheme were obtained from the RMA10 documentation (Thomas
and McAnally 1990; Brigham Young University 1994). The element connection
file, generated by an RMA10 preprocessor code, which resides within the WES
Coastal and Hydraulics Laboratory (CHL), provides element and node
numbering, the 3-D coordinates of each node within the grid, and boundary
designation information. This file is read by MAPPER.C, which generates the
geometry (GEO) and map (MAP) files required as input to ICM.

To accommodate unstructured grid hydrodynamics, the GEO file was
modified so that a one-dimensional array of centroid-based grid distances, which
are direction sensitive, is computed and replaces the original box lengths ( i.e.,
BL(IB(F),QD(F))). The centroid-based grid lengths data consist of (a) distance
from centroid of IB cell to flow face (BID); (b) centroid to centroid distance
between IB and JB cells (BI); (c) centroid to centroid distance between the ILB
cell and IB (BIL); and (d) centroid to centroid distance between the JB cell and
JRB cell (BIR) (see Figure 1). The specification of the ILB, IB, JB, and JRB
ICM cell numbers (Figure 1) is accomplished through examination of the
element connection file. Specifically, when elements that share common mid-
side nodes are identified, a cell face between boxes IB and JB is defined. Cells

Chapter 2 Implementation




FF

cell J1
BID =
cel
: BIL BI : ' JB
\
BIR
cell IIB cell IB \\
cell JRB
common flow face
for cells I and J ———>
FF

Figure 1. Grid nomenclature

to the right or left of cells with a common flow face are determined by selecting
the cell with the shortest centroid distance. For example, as shown in Figure 1,
the centroid distance from Cells JB to JRB is shorter than the distance from
Cells JB to J1; thus, Cell JRB is selected as the adjacent right cell, or the far
downstream cell for the QUICKEST weighting, and BIR is the distance from JB
to JRB.

Due to the fact that unstructured grids have no preferred grid direction, a
convention has been adopted. A flow direction for the establishment of the GEO
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and MAP files is assumed based upon the cell numbering scheme obtained from
RMA10. In the horizontal direction, flow is defined to be positive when it passes
from a smaller RMA10 element number to a larger RMA10 element number. In
the vertical direction, flows are defined positive upward, which is the convention
used in both RMA10 and ICM. When the flow field is read in from the HYD
file, the actual flow directions relative to the assumed flow directions are
determined so that the proper cells are sampled for the QUICKEST advection
operators.

The general concept of the MAP file was unaltered; however, additional
information was required to relate the RMA10 and ICM grids. The processor
program MAPPER assigns ICM cell numbers to RMA10 element numbers and
writes the ordered pairs as the first set of records in the MAP file. The
correspondence between hydrodynamic elements and ICM cells is arbitrary in
that the connection is accomplished via flow face definitions. This approach is
adopted so that the existing convention for numbering cells and flow faces in
ICM is unaltered.

The RMA10 element edges and ICM flow faces are related in the MAP file
via a tag. In the horizontal direction, the flow faces between adjacent cells in
ICM are tagged to mid-side nodes in RMA10, which are defined along element
edges. Vertical flow faces in ICM are tagged to the top of each element in
RMA10. These tags are used via translation arrays to relate RMA10 flow
locations to the corresponding sequentially numbered ICM flow face numbers.

Boundaries within the RMA10 grid are specified via nodal codes that define
land, inflow, and tidal or head boundaries. These codes are used in MAPPER to
specify boundaries in the MAP file.

FEMCONVT

The Fortran language program FEMCONVT.f was written by Dr. R. C.
Berger of the WES CHL to read a binary RMA10 hydrodynamic output file and
convert nodal velocities and surface elevations into cell face areas (including
planar surface areas), volumes, and flows, which are written to another output
file (HYD file). A listing of FEMCONVT is provided in Appendix B. The
output of FEMCONVT is segregated into horizontal and vertical components. In
the horizontal direction, the information provided is time-varying horizontal flow
face areas and flows for each mid-side node. The vertical part of the
hydrodynamic output provides element number, element planar surface area,
volume, and the vertical flow defined on the top face of each element.

ICM Modifications

The original advection operator in ICM was designed to work with structured
grid hydrodynamic models such as CH3D-WES (Chapman 1988). As a result,
the grid is described by rows and columns of grid cells and box lengths. These
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box lengths are used to compute the QUICKEST multipliers used for transport.
Due to the success realized during numerous applications of the QUICKEST
transport algorithm in both the ICM and CE-QUAL-W?2 models (Dortch,
Chapman, and Abt 1991; Chapman 1992; Chapman and Cole 1992), a similar
approach was adopted for the unstructured version of ICM. The unstructured
grid modifications made to the original version of ICM are presented in
Appendix C. For ICM to accommodate unstructured hydrodynamic models such
as RMA10, the QUICKEST multipliers had to be recast in terms of element
centroid to centroid distances. As previously discussed, the linkage processor
program MAPPER generates the four length scales needed to develop the
QUICKEST multipliers. Using these length scales, the QUICKEST multipliers
were rewritten and checked to ensure that the advection multipliers summed to
one, and the diffusive multipliers summed to zero.

Linkage Procedure

To complete a linkage of RMA10 and ICM, the steps outlined below must be
completed.

a. A binary output file generated by RMA10, which contains the time-
invariant grid and time-varying hydrodynamic data, must be obtained
from the hydrodynamic modeling team. The name of this file is specified
as RMA10 input, so it is arbitrary.

b. With regard to the time-invariant grid data, a program named R4ICR10.,
written and provided by CHL, is used to read the RMA 10 binary file and
generate a 3-D ASCII element connection file named R4ICR10.out. This
file describes the juxtaposition of all elements and nodes in the RMA10

grid.

c. The linkage program MAPPER.C reads R4ICR10.out and generates the
ICM MAP and GEO files. The number and position of ICM cells or
boxes are determined by MAPPER automatically. Presently, a parameter
statement within the MAPPER code defines “number_of_layers,” which
must be set to the desired number of layers. This parameter can be used
to limit the output to a single layer for debug purposes. When this
parameter is set to the correct number of RMA10 layers, the complete
MAP and GEO files are automatically generated. MAPPER input (i.c.,
R4ICR10.0ut) and output files for a simple 3 by 2 by 2 gnd are presented
in Appendix D.

d. The time-varying hydrodynamic data are also extracted from the same
RMA10 binary output file. This is accomplished using the
FEMCONVT . program. This program has one interactive input, which
is the RMA10 binary file name. All grid parameters are read from the
RMA10 binary file. The output of this program is an ASCII ICM HYD
file. At this time, FEMCONVT.f has several limitations:
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® ASCII output should be written in binary to reduce space requirements
for applications with large output files.

® Base elevation in feet relative to an RMA10 datum must be hardwired.
e FEMCONVT only works for quadrilateral elements.

® Parameter statements must be checked to ensure the code will
accommodate the size of the grid.

e Vertical diffusivities required by ICM are not computed nor output.

® There is no provision for temporal or spatial averaging of hydrodynamic
output.

e. Two additional parameters must be defined in the ICM file

WQM_COM.INC. NFEMHFFP and NFEMVFFP are the maximum
number of horizontal and vertical flow faces, respectively.
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3 Testing

Volume Balance Testing

Initial testing of the linkage methodology using hydrodynamic flow
information was performed on a simple 26 by 4 by 3 rectangular contracted
channel comprised of quadrilaterals as shown in Figure 2. To test both local and
global volume conservation, a single steady-state flow field was used. Given that
the flow field has in fact converged to a steady-state solution, successive
applications of the flow field using the steady-state distribution of element
volumes as an initial state should result in no temporal change in volume. Using
these data, ICM was run using a 1-hr hydrodynamic update for 0.2 days, or two
hydrodynamic updates. As expected, global volume conservation was achieved.
However, significant variations in local volume conservation were observed
throughout the grid. This problem was further investigated by performing flow
balances on individual cells. In regions where elements were orthogonal, flow
imbalances on the order of 1 percent were found, where the error in flow balance
is based on the difference in the sum of the flows scaled by the maximum flow in
or out of that cell. In regions where elements were nonorthogonal, flow
imbalances were on the order of 60 percent. Discussions with CHL suggested
that this problem can be overcome or at least reduced to errors on the order of a
few percent. Means of correcting the flow/volume imbalances are being
pursued.

Given that RMA10 flow fields can be produced with small but possibly
acceptable volume errors, two alternatives can be adopted that will result in a
local volume balance. The simplest option is to use the flows from the RMA10
hydrodynamic processor, but not use the resulting volumes. Under this scenario,
time-varying volumes are computed within ICM using the previously computed
volume and the input flows, thereby ensuring volume and mass conservation.
The downside of this option is that if a persistent net loss or gain is realized in
one or more cells, problems could develop during long-term simulations.
Specifically, cells could either dry out or become unrealistically large.

Alternatively, both RMA10 flows and volumes can be used by ICM. The
RMAL10 flow data would again be used within ICM to calculate conserving
volumes for each hydrodynamic update interval. The difference in the RMA10
volumes and ICM volumes can then be used to determine the volume errors for
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Figure 2. Volume balance test grid -

each cell. If the volume error is ignored, i.e., RMA10 volumes are used, the
model will not conserve mass, but concentrations will be conserved. For
example, if a water quality constituent of 10 ppm is introduced into a bay that
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contains 10 ppm, the concentrations will all remain 10 ppm, but some mass of
the constituent will be gained or lost.

Volume and mass conservation can be forced when using both RMA10 flows
and volumes by introducing a volume error correction. However, under this
option the concentrations will not remain conservative, or 10 ppm everywhere as
in the previous example. The error correction for each hydrodynamic update
interval is computed and added (or subtracted) incrementally over the ICM time-
steps within that update interval. Thus, the ICM volume computed at the end of
each hydrodynamic update interval will be identical to the corresponding
RMA10 volume. The simplest way to implement this correction is to generate a
source flow by dividing the total volume error for each hydrodynamic update
interval by the hydrodynamic update time interval. As the ICM simulation
proceeds, a volume source/sink can be added/subtracted by multiplying the
source flow by the ICM time-step.

Transport Testing

To test the revisions to ICM for the unstructured grid QUICKEST multipliers,
transport testing was done using a one-dimensional rectangular grid set up
without and with the unstructured grid multipliers as derived from the GEO and
MAP files generated by MAPPER. The RMA 10 model was not used for these
tests. This grid consisted of 25 boxes 100 m in length with 1-m?2cell face areas.
A constant flow rate of 0.1 m¥sec was specified with no horizontal diffusion.
Specifying a constant source concentration at the inflow, the predicted square
wave concentrations in both simulations (i.e., with structured and with
unstructured grid) were identical as shown in Figures 3 and 4. The algorithm
was tested for variable grid spacing by alternating between 100- and 50-m box
lengths and repeating the simulations. Additionally, both positive and negative
flows were tested. All runs yielded identical results, which confirmed correct
implementation of QUICKEST.

Additional testing of transport was performed using a steady-state RMA10
hydrodynamic flow field. A rectangular channel RMA10 grid was used
consisting of 10 elements along the channel, 4 elements across the channel, and
3 elements deep (see Figure 5). Output from RMA10 was used to drive ICM.
Exact global mass conservation was verified via a simulation of a conservative
tracer spot dump and simulation of a uniform tracer concentration throughout the
grid and boundaries. In addition, a constant source square wave test was
performed. Despite the coarseness of the grid, the expected characteristics of
QUICKEST are preserved in that minimal undershoot and overshoot and
smearing of the wave occur over about five grid points (see Figure 6).

Chapter 3 Testing
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Figure 3. Square wave test result with structured grid QUICKEST muttipliers
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Figure 4. Square wave test result with unstructured grid QUICKEST multipliers
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Figure 5. Transport test grid
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Figure 6. Square wave test result for RMA10-ICM transport test
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4 Summary and
Recommendations

A linkage methodology has been developed, implemented, and tested that
allows CE-QUAL-ICM to use unstructured grid hydrodynamic information from
the RMA 10 finite element model. This has been accomplished through the
development of two postprocessor programs, which provide flow and linkage
information to ICM. Initial testing of volume conservation suggests that local
volume conservation problems inherent within RMA10 limit the general skill of
the linkage system; however, a procedure for correcting the volume errors within
ICM is outlined. Irrespective, results of the present study suggest that further
work towards eliminating volume conservation errors within RMA10 is
warranted. In addition, a centroid-based QUICKEST advection scheme
consistent with the unstructured form of RMA10 has been developed,
implemented, and tested. Testing of the scheme shows that it is mass
conservative and that it provides results consistent with the well-tested structured
grid version of QUICKEST previously employed in ICM.

With respect to future refinements of the linkage methodology, in addition to
either correcting for or eliminating the local volume conservation errors obtained
from RMA 10, the hydrodynamic processor FEMCONVT needs to be generalized
to accommodate combinations of triangular and quadrilateral elements.
Furthermore, additional work is required to integrate vertical eddy diffusivities
within RMA10 so that cell face values can be provided to ICM. Subsequent to
these and other more minor improvements outlined in Chapter 2, the complete
linkage methodology should be tested using a real time-varying field application.
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Appendix A
MAPPER Description and
Source Code Listing

The following is a brief description of the internal steps followed by the
program MAPPER.C that generates the MAP and GEO files needed by the ICM
model. This program is run after the RMA10 program is executed. There is a
program called R4ICR10.F written by the U.S. Army Engineer Waterways
Experiment Station Coastal and Hydraulics Laboratory that extracts the two files
used as input by MAPPER.C from the RMA10 binary output file. A listing of
the MAPPER.C source code follows the description.

The step by step operations of MAPPER.C are listed below.

Read the node-to-element connection table. Allocates each “Element” as a
column and assigns an ID.

Subroutine call: readElementConnectionFile()

Subroutine description: The routine opens and reads the element to node
connection table file. This file provides information that uniquely relates an
element or column identification number to the associated nodes. Additional
information obtained from this file is the coordinates of each node. At this point,
it is assumed that RMA 10 node identification numbers are being used. This
routine creates a unique “arc” for each side of the surface layer elements, which
can be either trapezoidal or triangular.

Source of input file: Input file is generated by R4ICR10.f.

Read boundary information.

Subroutine call: readBoundaryArcFile()
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Subroutine description: Routine reads a file that contains information about all
“special” nodes in the RMA10 grid. These special nodes are nodes at which
some physical parameters are specified such as head values, wall boundaries,
open boundaries, interior boundaries, etc. This information, in addition to the
node data from Step 1, completely describes the RMA10 grid structure.

Source of input file: Input file is generated by R4ICR10.f.

Relate each arc to the adjacent columns.
Subroutine call: mapColumnsToArcs()

Subroutine description: Routine determines the adjacent column identification
numbers for each arc.

Relate each column to its neighbors.

Subroutine call: mapNeighborColumnsForEachColumn()

Subroutine description: Routine determines for each column, all the columns
that share a common arc. Thus, a list is generated for each column that contains
all of its neighbor columns.

Determine arc type.

Subroutine call: determineArcTypeF()

Subroutine description: Routine examines each arc and determines its type,
which is defined to be (a) INTERNAL - arc that is internal to the grid,

(b) BOUNDARY - arc lies at an open boundary, and (c) WALL - arc lies at the
wall of the grid. The arc type is defined using the nodal boundary data.
Determine upstream and downstream columns.

Subroutine call: mapUpstreamAndDownstreamColumnsForEachColumnF()

Subroutine description: Routine defines adjacent columns.

Create a list of all elements in the 3-D grid.
Subroutine call: createElementList()

Subroutine description: Routine will generate a list of all elements in the
RMA10 grid. First, it generates surface layer or column elements. Next, for
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each column, it will define elements within that column ffom the surface down.
The order of elements is that defined by RMA10.

Map neighboring elements.
Subroutine call: mapElementToNeighborElements()

Subroutine description: Routine determines neighboring elements. This is
accomplished by using the column information previously defined.

Check for internal and boundary flow faces.

Subroutine call: generateHorizontalFlowFaceListF()

Subroutine description: Routine examines each arc, its type. If the type is
“INTERNAL” or “BOUNDARY,” it will create a flow-face for that arc; this is

done in layer order starting at the surface then going down. For each defined
flow face, the adjacent elements of that flow face are listed.

Determine far upstream elements for each horizontal flow face.

Subroutine call: mapHorizontalFlowFaces()

Subroutine description: Routine determines for each flow face its far upstream
and far downstream element IDs using the adjacent element ID information.
Create the vertical flow face list.

Subroutine call: mapVerticalFlowFaces()

Subroutine description: Routine uses the column information defined above and
creates a vertical flow face between each element. It also does the vertical
mapping of upstream and downstream elements.

Define tags that relate RMA10 and ICM flow faces.

Subroutine call: setFlowFaceldentifierTags()

Subroutine description: Routine examines each flow face and tags it with a
unique identifier. This unique identifier is defined as (a) horizontally oriented

flow face (the top center node ID of each flow face); and (b) vertically oriented
flow face (the RMA10 element ID of the element below the flow face).
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Number ICM flow faces.
Subroutine call: renumberAllFlowFacesForOutputF()

Subroutine description: Routine renumbers the flow face identifications
consistent with the ICM convention.

Calculate surface areas and the centroid locations.
Subroutine call: calculateColumnSurface AreaAndCentroid()

Subroutine description: Routine will calculate surface area and centroid location
using the surface node coordinates.

Calculate required distances between centroids.
Subroutine call: calculateDistanceBetweenCentroidsF()

Subroutine description: Routine calculates the following length scale
information for each flow face:

(2) BIL = Distance between far upstream element centroid and upstream
element centroid.

(b) BI = Distance between upstream element centroid and the
downstream element centroid.

(c) BIR = Distance between downstream element centroid and far
downstream element centroid.

(d) BID = Distance between flow face and the upstream element centroid.

Print “MAP FILE”.
Subroutine call: printFlowFaceListF()

Subroutine description: Routine writes “MAP” file data.

Print “GEQO FILE”.
Subroutine call: printGeoFileF()

Subroutine description: Routine writes “GEO” file data.
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enunuod (1 > [1lsprose<-ndquuinjod)j

A25

Appendix A MAPPER Description and Source Code Listing




‘XAPIONUS) = X PIONUII<-T}JUIUN]OD
*XPIOTUSD = X PIONUII<L-T)JUILN|OD

‘BAIE = BOIYI0RJINS<-I}JUWIN[0D

earq

0 v/[114 + [¥]4 + [€)4 + [g]K) = xpronuad
0 v/PIX + [€]x + [2]X + [1]%) = Xpronuso

ATIxlp)L - [PIxa[€)4 - [€1%4[TIA - [TI%4[TI4-
[T14alb]X + [P1ALLE1X + [€1K4[2]X + [T1AslT]X xS0 = vOTR
f osed

eaiq

‘[1hst10 = Xpronuaso
‘[ohsro = Xpronuad
nCm_qo.%xvoﬁwcmF%oﬁ_SozomeEEEoUQc_zo_mo

(COTIXLE)A - [€1%4[T)A - [Z]x4[T]4-
[11A4[€]% + [€1A4[2]X + [T1&4[T]X )4§°0 = voIE
‘g osed }

(unoDoapou)yolims
/% uswald Jo od43 31 o3y 4/

{
‘[1]seyeurprooo<-ngepou = [1]4
‘[0]sareurpIooo<-14apou = [1}x
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[

{
{(pruwnjopwesnsdn) nduunjo)dnyoo = nquunjoywesnsdn
{pruwnjod<-niuawsiquesnsdn = pyuwunjo)Hweansdn
}
(TINN =i Ddiuewergureansdn)jr
{(ppuswasjqueansdn)jnusworgdnyoo] = nJiuswopguieansdn
‘pnuswsguesnsdn<-ngooedmolj = ppuswajgueansdn

p jeolJ

TP a[quop

STATX CTATX ‘Ax je0[J
‘pruwinjopwieansdn‘pruninjoHuweansumop Jur

nquunjoduweansumop ‘ngquunjo)yweansdn MUOAMIZEDAOUW

‘ppusws gueensdn ‘PHUSWS[UWERINSUMOP ur
"nduswsguieansdn ‘ngiuswsjqwIRANSUMOP DO TH LNINATHd

}

(1dededmory DOTH HOVAMOTAd)A 16 2senoes
1eop}

*/

{

‘ngyoorguuno)xaNd<-nquunjod = HJuwnjod
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{

‘(p)uanjax

‘0'0=p
os[o
{
‘wp=p

“(zpybs = zp
(T TK)4(TA-1K) + (TX-TX)4(TX-1X) = P

* XPIONUI<-1}JUUIN[ODUIBRISUMOD = 74
X PIONUAI<-1)JUUIN[ODWEINSUMOP = TX

- Apronusd<-nguwunjopweansdn = 14
‘XPpronuad<-nguwnodweansdn = x

}
((TINN =i Jduunjodweansumop) 2 (TINN =j Hduwnjopuweansdn) )1

*TINN = HJUUNjoDWEaNSuUMOp

=1 )

{
mAE:EEoUEmobwcaovvmuiaaioomsxooﬂ = NJuunodweas)sumop
”E:E:_ooA-b%:oEoEEmobwcaov = PJUWIN[ODWLBIIISUMOP

. }

(TION =i TdiuswaTHwearsumop)ji

m%u:oEo~mEmo.cmEsoEmb%coEo_mmsxoS = N JIUSUIS[HWEBINSUMOP

”v:=oEu_mEmobszonA-bmoommBou = PPUSWI[FWBII)SUMOP

‘TINN = nduunjodwesnsdn
os[e

Appendix A MAPPER Description and Source Code Listing

A28



/%

*100°0 = HDONVIFTOL 1eoyy
p a|qnop

‘regA ‘regx 1e0[}

P74 ‘19 ‘Tw ‘Tut eoyy
{PronuaDIUIA ‘proxua 1e0[J
‘Zopou ‘Tepou jur

“ndgepou ‘ndispou D014 HAONI

‘adA 1 our| jur

ador  JIDO1d DIYVd

TVATYX TVATYX ‘TATX TATX ‘KX 1eoyy
‘pruwnjopwearysdn ey ‘pruwnjo)urednsumoief wur

‘nquunjodureansdn ey ‘NJUUIN[O)UIBIISUMOCTIE) MDOTd NINNT0Dd

‘pruwnjo)weansdn‘prumINoHWLINSUMOP w1
‘hdquunjo)ueansdn ‘nquunjodweansumop D01 NWNTODd

‘pRuswo[gweansd Iy ‘pPUSWS]FUWILOISUMO(TIE] ur
nqiuswiegueansdprey ‘nuswoigueansumodIe] DOTH LNAWHTAd

‘ppuswsjguieansdn ‘ppuswa[guILanSuUMOp I
‘nqiuswaguesnsdn ‘ngiuswsjguesnsumop DO TI LNIWT 1A

}

(nddoedmory JYDOTE HOVAMOTAd ) QIF are[nofed
jeoyy

*/
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‘[1]sareurprooo<-ngropou = y4
‘[0]sereurpio0a<-ngopou = [yx
“(1spou)ngepoNpuy = ndyapou

‘[Z]p1opou<-ngore = zapou
‘[0lp1opou<-ngore = yopou
1 Jore<-NJaoe Mol = nJose

}
((TINN == hduunjoHweansdn) (TINN =i IJeoedmory) i1

‘TINN = DJUUIN[ODWEINSUMOp
os[o
{
‘(PTuwnjo)weansumop)gnduumnio)dnsoo] = hJuunjo)ureansumop
*PIUWR]0O<-1 JIUSWIIHWESTSUMOP = PJULIN[O)WIBIISUMOP
}
(TTON =i NJIUSWS[FWEINSUMOP)JI
“(PRusWA[HUWEANSUMOP) N Jiuswafgdnyoo] = D JIUSWS[FWEII)SUMOP
*PIUSWISHWESNSUMOP<-T}JI0RIMO[J = PIUSWS[HUWELAISUMOD

'TINN = nduunjoduwesnsdn
as[e
{
MAE:E:_oUEmobmm:vmbmzﬁiougxooﬁ = Jquunjoyweansdn
‘PlUwInjoa<-NJuswsguesnsdn = pruwinjoyuesnsdn
}
(TINN =i Hduswargqureansdn)jr
"AEEquEEmobmmé&b%ﬁ&oﬁ&ﬂo& = DJiusws[guieansdn
‘pRuswSIqweansdn<-1JooeJmoyJ = phuswapueonsdn

‘00=p
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TVOLLYHA = odALaur
(ADNVIFTOL > (1%-7X) )1
98]

“IVINOZRNOH = adA2ul]

(HONVIATOL > (14-ZK) )3
/x ad£y autf 108 4/

¢ A PIONURI<-I} JUIINJODWBINSUMOP = ZA
$XPIONUI<-T} JUIIN[OUIBIIISUMOP = TX

{ Apronuso<-nguunjodureansdn = 14
‘Xpronuso<-nguunjoduweansdn = 1x

}

A A..—\H NN =i uu&ﬁE5~CUEm0uumﬁ>>O~uv »% A.._wm NN =i .S.mvowﬁmgo_.«v v.ﬁ

{

‘(puimar
‘P =p

‘(zp)ubs = 7p
(TA-1K)x(TA-TK) + (TX-T%)x(TX-1X) = TP
¢ APIONUIL-NJUWIN[o)Weansumop = g4
X PIONUIIL-NJUUIN[ODUIBONSUMOP = 7X

0T/ @QVh+1vh =14
0/ (TVX + 1VX) = X!
[ 1]soreuIprooo<-ndzepou = gy4
{{0]891RUIPI00I<-NJZAPOU = TVX
Amovo_:vmbm%oz_ém = Ndgepou
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:[z]pIopou<-ngore = gapou
‘[0]p1opou<-ngore = yspou
NJore<-NJaoeIMO[] = N JoIe

"IVOLLYHA 9sed

earq
‘TP=p

‘TP-=7P (0°0> 2P ¥
X - egx =77p

0T/ (TVA + 1VA) = regh
0T/ (TVX + 1VX) = Tegx

‘[1]soreurpIooo<-ngzepou = 7y 4
:[0]sereuIpIOOO<-NdZopOU = Ty X
*(Zepou)INJapoNpul) = I JZIpPou

‘[1]sayeurproos<-ngopou = y£
‘[0]sereurpIood<-ngopou = [yx
“(19pou).qndapoNpuy = ndspou

‘[Z]p1epou<-ngore = zapou
-[0]p1epou<-ndore = opou
N Jore<-ndoseJmory = nJore

"TVINOZIIOH 9sed }

(adA Laurpyoiims

‘NHIMLIGNI = 2d£ 10u1]

as[e

Appendix A MAPPER Description and Source Code Listing

A32



I

{[1]sareurpIooo<-ndopou = [ yA
:[0]sareurpI002<-NJT9pou = [YX
‘(1epou)dndapoNpul = ndyspou

{{zlpIspou<-1dore = Zopou
‘[olp1epou<-ngore = yapou
ndore<-ngeoeImol = ngose
oxe jo uonenbs ajeNOLR)) 4/

TXxTW-14=1q
{(14-ZK) / (1%-7X) = Tw

‘NHHMLHENI °s€d
‘yeaiq
‘pP=p

‘TP-=P (00> TP
‘Zh - reghk =7p

20T/ (QVA + 1VA) = Tegh
'0'C / (TVX + 1VX) = regx

{[1]sareuIprooo<-ndzgopou = gyA
{{0]sareuIpIOOd<-NdZopOU = 7YX
*(zepou)dndapoNpuy = ndgapou

‘{[1]saeuIpIooo<-ngopou = [y4
[0]sor1BUIpIO0OL-NJ[3pOU = VX
‘(Topou)dndapoNpulj = ndjopou
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/%

(ndededmoyy D0 T HOVAMO T )d " 1Ig oIe[noes
1e0[)

*/

‘(p)uanjax

ealq
‘Tp=p

{(zpyubs = zp
(TA-K)(Th-K) + (TX-X)s(TX-X) = TP

((Tw-Twn) / (1947w - gqqqu) = £
((zw-tur) / (19-zq) = x
/% Saul] OM) Y}
JO uOnEd0[ UoNIISISII J)e[nore)) ,/

TVXzW-1vA =79
‘(1vA-zvh) 1 (1vx-gyx) = g

‘[1]sereurpro0o<-nggapou = 7yA
:[0]sareurprood<-ngzepou = 7yx
*(zepou)ndapoNpuy = nJgapou
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((TINN =i ngwewo[guesnsdney) 2 (TINN =i Hduumiodwesnsdn) )1

‘{(ppuswoarguieansdn ep) jngiuswsigdnyoo] = ngiuswejgueansdniey
‘prusweguIransd Bj<-1Jeoe Mol = ppuswargueansdp ey

“TINN = nquunjo)ureansdn
aspe
{
{(pruwnjopuweansdn)ynguunjo)ydnyoo] = nduunjoHwesnsdn
‘pIuwnjoo<-nguswa[guieansdn = pjuwnjo)uwesnsdn
}
(TINN =i BAruswapweansdn)j
‘(ppuswisjquieansdn) yngiuswsgdnyoo] = nJuswojguiansdn
‘ppuswajguresnsdn<-1nJooeImopy = ppuswsjguesnsdn

P a|qnop

P JeoyJ

STRTX TR TX ,Hcoc
‘pruwnjo)ureansdn ey ut

nguunjopweansdnrey D01 NIWNTOOd

‘ppuswequieansdp ey a1
‘hquuswrsjgweansdney DO T4 LNINATAd

‘pruwinjodwesnsdn jur
‘nquunjopwesnsdn YOOI NNNT0Dd

‘ppuswegweansdn g
‘ngusweguesnsdn D014 LNANATAd
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[

‘PIUWIN[ODWBIIISUMOP jur
“NqUUN[oDWeanSuUMop D019 NIWNT0Dd

‘PPUSWIS[HWE21SUMOP ut
“Nqiuewdiguiransumop D014 LNIWATAd

}

(Ddaoegmoy D0Td HOVAMOTAd )19 9renofes
reopy

*/

{(p)unjax

00=p
as[o

{

‘TP =p
‘(Zp)ubs = ¢p
H(TA-1D)4(TE-1K) + (TX-1X)4(TX-1X) = TP

‘ Aplonuass<-nquuinjopuresnsdniey = 74
*Xpronuad<-nquunjoduwesnsdiey = 7x

: Apronuss<-nquunjodueansdn = 14
Xpronuso<-nquwuajo)uesnsdn = [x

“(pruwinjodueansdney)gnduunioddnyoo] = nquunjoyuweansdney
‘pIuwnjoo<-nqiusuws|gueansdnrey = pjuwnjo)uwesnsdp e
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¢ A PIONUSI<-1}JUIIN[OJUIBANSUMOP = [A
{XPIONUd<-NJUUINJODIIBINSUMOP = [X

{(PuwnjoDweansumoie))Jnduunjo)dnyjoo] = NJuN[o)WEINSUMO(]Ie]
PIUWIN[OI<-N JIUSWIS[HUIBIISUMO(TIR] = PIULIN[O)WBIISUMO(LIE]

}
((TINN =i Ddyewa[guesnsumoqrey) % (TIAN =i HJUWNODWIEINSUMOP) )T

(PSR HUIRANSUMOIE]) JNJIUSW[HANY00] = NJIUSWIS[WILITSUMOC[IR]
‘PPUSWID[HUIANSUMO(JIBJ<-1} 308 IMO] = PIIUSWS[HWESNISUMOIE]

"TINN = HduunjoDueansumop
as[0
{
‘{(PIuwinjoHWEANsSUMOp)JNduuinjo)dnyoo] = NJUUIN[ODWRIISUMOP
*PIUMIN[0O< -1} JIUSWIS[HUIBIIISUMOP = PJUWINJODWBIIISUMOP
}
(TTINN =i NJIUSW[TWERANSUMOP)JI
*(PPUSWIA[HWEAIISUMOP) I JIUSWI[HANN00] = NJIUSWS[HUIBIIISUMOP
‘PIUSWRHWRAIISUMOP<L-TIJIOBIMO]] = PIUSWIS[JWEIIISUMOP

‘TP s|qnop

P Jeoyy

STKTX 1A X 1801}
{PIUIN[ODWBINSUMO(TIR] I

snduwnjopwesnsumogre)  YDOTE NINNTOId .

{PPUSWIS[UIBOT)SUMO(TXE] r
nQusws guieansumoqie) D019 LNHNATdd
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( (TVINOZIMOH == UONEIUSLI0<-1)JorRImoly) 9% (TINN =i NdadeMmoy) )orrym

o[ gIsTTe0RIMOTpesHd = ngademor)

% saoue)sIp paxmnbai oy
9Je[NO[Ed PUE 908 ][99 YOBD SUMUBXT 4/
1doedmolly  JDOTH HOVAMOTL

}

(dspronua)yuaaMIagadue)SI(JoIR[NO[ED PIOA

/% */

‘(p)ummya

“00=p
as[o
{
‘wp=p

'(zpyubs = zp
(A TK) 4 (TA-1K) + (TX-1X)(TX-TX) = Zp !

: APIONUD<-1)JUUIN[ODUIBINSUMO(TIR] = 7A
“XPIONUII<L-T)JUUIN[ODUILINSUMO(TIR] = 7X

Appendix A MAPPER Description and Source Code Listing

A38



/% i"11d 1eIno[e) 4/
‘{(ngadedmol))d dIg ale[nojes
= 008, JPUYPIONIUIDUIIMIIGIOURIST(TUEBIIISUMOP<-11J0R,JMO[]
/% idIg s1enofe) 4/
‘(ndacedmord 19 2mnofed
= SPIOTUIDUIIMIYIIUBISIP<-IIJ0BIMO[J
/% i1d S1.[No[e]) 4/
% ~ JUSWS[HWeaLSuUMOp
9Y} pue 90vJMO[J Udamiaq 20uelsIq = (Ig
"PIOTUID
JUSWI[HWBANSUMO(IIE] pUR PIOJUD
JUSWIS[WIBAIISUMOP Udam1aq 2oue)si( = Ig
‘pronuad
JUSWS[HIIBAIISUMOP SY} PUB PIONHUD

JusuwsguIeansdn usamioq souelsiq = I

pro1jus Juswa[gweansdn pue pronuad
JuswsrguIeansdrey usamiaq aoueISII = I »/

b
((X4VANNOY == adfi<-ngaoegmop) || (TYNIALNI == adKi<-ndeoejmory) )i
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/%

[wast = [t]nasy
(++1 1> [0=D)I0]
Qupdwey ur

[€lasu ‘[elnsn qur
S
}

([€lensipur ‘[€]VIsH Iur)JoWe Sy L a1y SISITOM [JPI0RYD! Ju

*/

{
1001 gI0BIMOLIXONA<-TIJI0RJMO] = NJOORIMO]]

/% 90BJ MO[J 1X3U 0 ON) ,/
{(Ngedegmor)) I dIg erenoeo
=SPIONUIHWESUMOJUIIMIIGIOUR)SIP<-T}JIOB MO}
/% idId remdre) 4/

‘(ndede Mo Ig eno[ed
= Splonus)weansd()UsomISgouRISIP<-1) 0B MO])
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[

( [€Dst W1 )ISISTXAIVIPIO3YS DO DdVd

*/

‘(@S Tvuimar

aspa -

‘HYLuInax
([Tl == [gl1Isi) 2229 ([11zsy == [1]13s1) 2% ([0lgIsy] == [olT3stp) )3t

‘ {
“upduiey = [(Jzast|
[fzisy = [Hzsn
‘[osy = updway }
([fIzsu < [asp
(++ te>T L 1+1=N105
(++1 te>1 t0=1)10]
/% DS MOS 4/

‘[Measy = [lgwsy
(++1 1g>1 {0=1)10§

{
Qupdway = [{J1I81]
[0rIsu = [1InIsy
‘(111381 = Jupduoy }
([fvasy < [HpIsmz
(++[ie>T t1+1=Di0]
(++1 1¢>1 t0=1)10]
/% 1381 110§ &/
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/%

sduumpoDiuaind, D019 NINNTOD
‘{og]nsAurunp reyo
‘Jindur, 114

}

Os11quonosuuo) UM pess
pioa

*/

{
(TINN)wInye

{

ngoorgoryixeNd<-ngore = ngoie

{
‘(ngo)uinjox
(Swegay [ orysioquinu)ji
‘(st‘[0]pIspou<-1dorew) Jowegay LAIVSISITTOM IO DT = Swegay | 21y siaquinu
}
(++11g>T fp=1)J05 }
(TINN =i Ddore)qym

ngyoorgisrorypesyd = ngore

Ty

‘owegay I o1y sioquinu juy

“Mgary  JIDOTE DYV
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as[e
‘go = adA Laur]
( (g9, ‘ngAununp)duons; )y

/+  owes s3re J1 o suima1 dwons ,/

HINLSYAHLO = adA Laun]

“yealq ( (andur)josy )1
/% i°ly jo
Pua 341 ANOAHY PeaI LSAIH ay3 10)5e
oneA (gN¥Y.]) 0I9ZUOU B SUINII J30J 4/
{(ngAurunp’, sg, ‘pndur)juessy
}
(1)a11ym
/% [l JO pua [I1 pesy x/

{
H()21E
*(,1\,008°7014, uado o3 s1qeun),, )pund }
(TINN == pndun)j

.A:h: ¢ :OOM.NO.HH:vﬁwﬁmOM = Muﬁ&ﬂm

/% 3y 3198l
UOTIO3UU0D SpoU 03 JUSW[2 oY) uadQ) 4/

‘xopur jut

‘[ozhst1epou wur
I9DUISApONIOIoquING Jui
Wndorey D01 DYV
‘[€]oryurspou i
‘juno)Holre ur

‘ad£ 1our] ‘1 jur

*NdSPONIUSLIND, DO HAON

i
!
1
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*dI0ZVd VYL = od4 umnjoo<-nquunjo)iuarmy }
(8 == [19DUISPONFQIoquInu)ji

‘[0JsrT9pou = [[[aDulsapoNFOIequUNU]ISIJopou
/+ 9pou )se[ se p[ opou 3s11J jeaday ,/
HH[[9DUISOPONFOIoqUINU
(0 =i [thsrepou)sr
(++1 18>1 {p=D)10§
10 = [[9DUISAPONJQIaquIny

‘([thsr1opouzp, pos, ‘Hindur)juessy
(++ 181 {0=1)10

“@EEEooA-bquaoUEob:o%.___ue&:.t:&:%:mo&
SSUFAVT HO MHIINNN = who?dOBsE::A-bm:EEoUEob:o

{00 UWN[ODMINSIBOO[|E = J)JUUIN[OYIUSLIND

/% *3[1J UOTIOSUUO0D I
WOy (J] JUSWI[D O} PEdI oM 0F

*19Ae] 908JINS SY) J0J O] VIAY Ul
pooquinu are Aot se SJUSWS[S

IO JUINU [[IM 3/ JeY) JON 5/
O 988D )

(adA Laurpyoims
{

NND = adA 1 auy|
( (ANND,,‘ngAwump)dwons; )1 }
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yealq
{

‘prore<-ngote = [JUno)ore]sppore<-nJuunjo)Iusing

{
‘[¢]oryurepou = [g]pIapou<-ndore
‘[1]oayurspou = [1]pIepou<-nJore
‘[o]oryurapou = [g]pIepou<-ngore
‘Oo0IgoTY MaNSIBIO][E = NJoTe }
(TINN == ndore)j

‘(I ufapou )SISIXHOIVII0oaYD = ndosmw

{
{[xapurjisropou = [1]oryurspou
H++xaput (0 =j DI
}
(++1 Lg>T {0=D)10]
}
(+HUnoDoIe {H>UnoHore {)=uno)ore)1oJ
’ ‘0 = Xopur

‘AI0ZVd V], 9560
}

(9d A Luum]od<-1JuuInjo)IuaLInd)yoms

{
€ = JUNODIIEL-TJUUN[OD)IUILIND
HIONVIYL = od£ Luwun[oo<-nguunjo)iuesnd }
(9 == [19DUISaPONJOIoquINU)JT
ENE]
{

P = WnoHoIe<-NJUWN[ODIUILIND
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yeaxq

Jeaiq
{

*PITR<-NJOIe = [JUN0)OIe]SpIoTe<-I)dUUIN[O)UALIND

{
‘[z]orvurapou = [z]pIopou<-ngore
‘[1]orvurepou = [1]p[epou<-ngore
‘[0]orvupapou = [p]propou<-ngore
‘()dAo01gory MoNaeOO[[ = NgoIe )
(TINN == ngom)j

‘{( OIWUIapOU )SISIXHOIVI[YOoYD = NJoTe

{
{[xspurhsropou = [1}oryurapou
“Hxapur (o =i DIt
}
(++1 1>T {0=1)I0]
}
(+HIUnoDOIE {E>UN0D0IE {n=juno)ore)ioy
‘0 = xoput

CHTONVIIL osed
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/*

(soryo | sumnjo)deur
proA

x/

{
‘(Jindur)asoro

yealq

{([1]sa18UIPI000<-NJIPONIURLING2® ]9, ‘Jindur)juedsy
(++1 1> {0=1)10]

*(PIoPOU<-NJIPONIUSLING2g*  p%, Jindur)juessy
{O00TOPONMINIBO0[[8 = NJIPONIULIND
/% 91 UONOAUUOD By} W0} PI
9pou Ay peal am oS QI VINY W

pataquinu are £oy) se sapou _
INO JOQUINU [[IM 9M JBY) SJON 4/

:NND aseo
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aspe
{
SPIUWIN[Od<-NJUWIN}0D = [T]uwnjopusoelpe<-nJore
‘[1]uwmjousoelpe<-ngore = [pluwnjousselpe<-ngore }
([1]uwmjodjusoefpe<-ngore < PIUMIN[od<-NnJuunjos)jr }
as[e

{

{PIULIN[OO<-NJUIN]OD = [1]Juwnjoyiussefpe<-ngoe

}

(1- == [1]uwnjodiuaselpe<-ngore);

[+ ISI[ uwnjod jusoefpe ur isiy
Y} ST P1 UWN[OD IS[[BWS 3} OS 3G 4/

{(pIoTe)dndorypuyy = nJore

‘[1]sp1ore<-ndquuinjoo = ppore

nunuod (1 > [1]sprore<-nJuuinjos)y
}

(++ UNODIIRL-NJUUIN[OD>T {()=I)10]

/% $oTe [enuslod  sey uwinjoo yoey ./

}
(TIAN =j BJUWnjod)ayIym

“ndporgisiuuinjo)pesHd = nguwnjod

‘duagy ‘1 hut

{prote 1

“addore DO OAvd
NiquuIniod D01 NINNT0Dd
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/%

aNuUnuod

{

Idyoojguuno)IxaNd<-zin4uunjod = ZnJuunjod }
(Bduunjod == ZiJuuInjod)jI

}

(TINN =} ZHduunjod )argm

ngyoorgisruunjo)pesHd = ZnJuwn[od

9Ipunoj ‘1 ul

‘TRquUuINiod ID0Td NIWNTODd

(p1ore yut

}

‘Nquunjod D014 NN TODd)OIVPIWENIOJIST TUWn{o)yoseas

ur

*/

Jdyoorguunjo)ixoNd<-nguuinjod = HJuwunjod

‘pIUWINjod<-nJuun(od = [pJuwnjo)iuscefpe<-nJore

{

{i
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/%

“ndyooigepoNArepunogpespd = ngapo NAIepunoq }
(++1 1>1 Jp=1)10§

Jpunoj jur
‘I ‘pIopou jur
*Nd3poNArepunoq 300714 HAON X¥VANNOLd

}

(1do18 DO T~ DAV )IATePUnOg MOl VS [IVIPOoY !
wur

*/

(1-)wnjar

{

-NPpoIguun[o)xaNd<-znJuunios = ZnJuwnjod

{(PIUWIN[03<-ZNJUWN[00)UIN)aI
(31punoy )1

{
‘YL = 3[punojy
(p1oTE == [1]sppore<-znguunjoo)yr }
(++1 scon&mA-mb&:EEoovm ‘0=1)10]

*HSTVA = 1punoy
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/%

FMIVNIALNI = 2dli<-ngose
((1- =i [T]uwnjouscefpe<-ndore) 7 (1- =i [pluwnjodusoelpe<-ngore))jr }

(TTON =i hdore)orym

‘ngyoorgsrorypesHd = ngore

f)[nsax I
“ndore D014 DIAVd

}
(Oged£ L oryaunuiaisp pioa

*/

{
{(SHAuImalr

{ON)uInya1
(ON ==11punoy)jr

{
PO FAPONATepUNogIxau<-1JopoNATepunoq = JJOpONATepunoq

{
yeaiq
‘SHX=1Ipunoj }
(PIopou == PJoPONAIEPUNOG<-TIJOPONATEPUNOQ)T
‘[1lp1epou<-ngore = pJapou }|
(TINN =i HdepoNAIepunoq )a[ym

‘ON = J[punoj
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/%

(+43UnoDoI1e HUno)oTe<-NJUNjod>JUN0)ore 10=Uno)HoIe Y105 }
(TINN =i Aduunjod)ayiym

nPporgisrumnio)peapd = nquwnjos

Py} ‘pu0oISS “ysaj ‘1 ur
‘pruwnjo)DI9YI0 w1
‘pIo¥e qunoDoe ur

Nduun[od  JID0TE NINNTOD

}

(QuunodyoegIoJsuwnjodIoqysrondew
ptoa

*/

{
npoorgaIyIXoNd<-ngore = nJgore
{
TIVA = adfic-ngore
as[e
‘AYVANNOY = 2dhi<-ngore |
(SHX == sy
{(ndoTe)JATepunog Mo YSIOIVIPOaYDI = Jnsal }
os[e
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/%

{
{(ON)uIMaI

{(SHX))ummar
(([z]p1opou<-zndore == [1]p[opou<-[nJore)
il
([1]p1opou<-gndore == [1]p[opou<-1iJore)
i
([olprepou<-gndore == [1]p[opou<-[dore) )1
(++1 1¢>1 {Q=1)I0}

BEL

_ }

(Tndore JDOTE DAV ‘1140 JYD0TH DUV d)ASOIVOM LU[SPONUOUIODIHOYDT
wur

ngoorguunjo)xaNd<-nJuuinjod = HJuminiod

{
{

‘PIoFE = [+-HUNODHUUIN[0)IOGYFIONUOUIIOI<-T}JUIN[0D ]PIOTYIOqYSION UOUNIOIL- T} JUUIN 0D

‘PIUWIN[ODIAY}O = [IUNODUWIN[O)IOGYSIANUOWWIOd<-1) JUWIN[0] PIUWIN[0)IOqYSTONUOUTOd<-I)JUIN[0d }

(0 < PIUWINODISYIO)JT
{( PIoTE ‘NJUUINOD )OIy PIWBNIO{ISI TUWN[ODYOTESS = PIUWN[0)ISYI0

‘[IUN0)dXe]SPIore<-NJUUIN|0d = P[oIe }

wl
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[+

‘(TpIoIR)Ingorypuy = gndore
}
(zpIoXe = ppore )j1

‘[tlsprore<-nquumnios = gppore

}

(++1 1p>1 Jp=1)10]
{ON = axyansoddppunoy
{(p1oIe)JNdolypuly = ngoie

‘dIOZVdVYL 9sed
}

(ed£ Luwnjoo<-nquuinood)ydims

‘(pJumInjod)gnguwnjo)ddnyoo] = JJuwnjoo

‘€P ‘TP jeoy

‘PP JIqnop

Thox 1L x jeoy

‘ZproIe g

roryansoddopunoy wn

pnsar ‘1 jug

-€Ndopou ‘Zndapou ‘ndepou  JYDOTE HAONd
*€PIopou ‘ZpIapou ‘propou ur

‘ENdore ‘TNdore ‘ngore  JYDOTH DUVd
“nquwniod  YDH0TI NIWNT0Dd
}

(PIoxe jur ‘puwnjod Jur)juunjo) yupdryaisoddopury
JA0014 O¥vd

*/
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(z==1n
os[o
{
{([ZIspIoIe<-NJUWIN00) 11 JOIVPULS = ENJOTe
“([0IsPIoTR<-NUUWIN[02) I JOIVPUL) = ZHJOw }
(1==1J
ospe
([Z]spIoTe<-NJUWIN]00)dNJoIypul = gndore
[ 1]sPIoTE<-NJUWIN[02).INJOTYPUY = ZHJoIe }
(0==1J

3ea1q ([T]spIoTe<-HJuwnioo)jr
(++1 1g>1 ‘0=1)io§

‘(pIoTe)Indorypuly = ndore
‘HTONVIYL osed

yealq

(TINN) Wl
=N E)
‘(zndgore)uinyalx
(SHX == aryansoddopunop)jr

{
yeaiq
‘SHA = oryansoddppunog
}
(ON ==1nsanjt

“(Tndore' Ngore),Jsory 0m LU[SPONUOWIODIHI3YIY = 1[nsal

Ab5
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‘(gndore)uingol
35[0

{(gndore)umyar
(€p>Zp)t

‘Pp=¢p
‘(pp)ubs = pp
(TA-18)5(TA-1K) + (TX-1%)4(TX-1X) = PP

‘[1]saeurpiooo<-ngapou = 74
‘[0]soreurpiooo<-ngopou = 7x
“(EPIPPOU)INJOPONPUY = £31Jopou

‘PP =7p
(pp)ubs = pp
(TA-TK)4(TE-1K) + (TX-TX)4(TX-1X) = PP

".m:moﬁ:m?oooA-bmoﬁoc =z

‘[0]sareuIpIooo<-ngapou = 7x
“(TPIPPOU)INJSPONPUY = Z1JopOU

‘[1]ss1eurprooo<-ngapou = 1£
‘[0]sereurpiooo<-ngepou = 1x
‘(PISpPOU)INJSPONPUY = J1dopou

‘[1]p1opou<-gngore = gprapou
‘[1]p1opou<-zngore = gpepou
‘[1]p1opou<-ngore = propou

{
{([1]sPIPTE<-NUWIN02).INJOIVPUY = gNJoTe
‘([0]spIore<-NquUUIN{00) NJorypuy = Zndoe )
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[

{1- = [1]ppuwnjo)ZI0qySIONUOUIIOd<- I} JUIIN[0D
as[o

{

‘[o]uwmoiusoefpe<-nqoryie = [1jpJumnjo)zIoqyIoNUOUIL0<-1}JULIN[0D

aspe

‘[1]uwnjoDiusoelpe<-ngoiyie] = [1pjumn[o)zIoqySIoNUOWIOI<-1JUWN[0D

(pruwmiopIsyio == [pjuwnjoDiusselpe<-nJoryie);

{(PIoIVIoYIO ‘pIutinjo)Isyo)Juwinjo) yuoryasoddopury = ngoryaey }

(1- =i pluwnjo)I19Y10)J1
{[1lp1oavIoquSroNuOWIod<-1} JUUIN[OD = P[OIYIOYI0
{{1lprun(o)10qy SN UOURIOI<-NJUWN[0D = PJUWIN[O)ISYIO }
(++1 YunoDoTe<-NJUUIN|0I>T {(=1)10]
}
(TINN =i Hduwn[od)a[iym

‘ngopoorgisruunio)pesHd = nJuuinod

doryrey  DOTE D¥Vd
{PIPIVISYIO ‘PIULINIODIAYIO ‘T jut
nduuniod  ¥D0Td NINNTODd

}
()Juwnjo)yoegIoJsuwnjo)ureansumopuywesnsd ndews

proa

/%

*/

(TTNN)uINGex
1IV-491eD 4/
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/%

{

oo guunjodIxaNd<-nJuuniod = nJuuinjod

'$19Ae IO IOqUINUL-N)JUUIIN[O0 = SIOAL O IOqUINNUINWIXEATT
(s1ohePOIqUINNWNWIXBATT < SIOARTOINqUINU<-I)JUWIN[0D)J1
}
(TTON =i Bguwnjod)aqym

ngporgisruwnjo)pesHd = nquwinjod

'0 = S19ARTJOISqUINNWAWIXBATL
/% ISI] UWINJoo Ul
$J0A®[ JO JOqUINU WINWIXEW SUULINA(] 4/

‘pPRuUSWAIH( TewyIse] Jur

T ur

*ST[3DJOIquInNT Jur
PLIeAe-IODRLINDT Jul

'$10Ae PJOIqUNNWNWIXBIAL JUT

Iquuniod, D01 NINNTOD
~NdPAOQYIUSWIRLR, DO T LNANA T
NJIUSWRLR, IDOTE LNHWATH

}

OISTHUSWISRIBAId
p1oa

*/
_~
{

‘oo guunjoD)xaNd<-ndJuunjod = nJuuinjod
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I«

{PPUSWS[H( | BULIK-T) JIUSWIS[S = PIIUSWIA[F()] euryise|

{

ngyoorguunjo)IxaNd<-nJuunod = jJuunjod
“++S[[9DJOIqUINNT
{PIUSWIS[I<-NJIUSWI]D = PIIUSWIS[F() | BUI<-T) JIUWS[D
{PIUWIN[0O<-NJUWIN[OD = PJIUSWIA]A<-T}JIUSWI[O
{PLIvAR[[ODIURIIRD] = P[IOAR]<-NJIUSUID[D
JUNODOIE<-NJUIWN{OD = JUNODOIE<-T)JIUSWID
‘od£ Luwinjos<-nquuinjod = ad4 I Juswo[e<-nJIusuiafe
{PIULIN[0O<-I}JUUWIN[OD = PIUWIN[OI<-TIJIUSWA[D
N JIUSWI[R = b%:o&oﬁoomﬁzmA,-b&:EEoo
{1 JIUSWIRLS = 1) JIUAWI[A<-T}JUIIN[OD
‘OO0 FIUSWIS[MINSIBOO[ [ = NJIUSUWI}O

(TINN =i bszz_o&o_E\N»

‘ndoorgisrpumnio)pesyd = ngquunjoo

"1oKe] 90vJINS

ur SJ JUSWISLR S awres S UWNR0)) 4/ w

%

0 = S[19DJOIPqUINNT
1 = ppaaAeT[[aDann)1
1811y J1oKe[ 95R}INS O( 4/
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'SI[PDJOIPqUINNT = PIIUSWID}O<-1) JIUSWI[D
HHS[[9DJOIqUINNT

Hy RETA:lg (Bl 1iENA lilg 1 PIioAe[<-nJIuswofo
“NJIUBWR[D = N JIUSUISO<-NJUIUN[0D

NJIUSWI[B = NJMO[OGIUSWA[I<-TJOA0Q Y IUSUIA[D
“NJIA0QYIUWR[G = 1) JIA0] Y IISWIS[O<-T}JIUSWI[S
N QIUSWI<-1JUUIN|OD = 1) JIAOGY JUSWI[O
“JUNODOTE<-NJUWN[OD = JUNODIIEL-T}JIUSW]D
tad£ Luwnjoo<-nquunjos = od4 JIUSUIS[a<-1) JIUSUIS[o
*PIUWIN[OO<-NJUWIN[OJ = PJURIN[OI<-T}JIUSWI]D
*OPIO0IIUSWS[FMINILIO[[E = T} JIUSWS[D

}

(s1AeTOIqUINUL-IJUUIN]0D => pLIaAe-Tj[aIuaLIN)I))I

}
(TINN =i Hduunjoo)aqym

“ndpojgisruunio)pesHd = nquwnjos

}
(++praferqrepiuenn)yi
m398dOS@E:ZE:EmxcE_qugo?A:uUthsUm
‘T = pHeAeT|[eDULLIND)I0)
/% SIoAe] 90vJInsqns [[e Op MON] 4/
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(OsiuaurajgroqusroNo [yuswagdew
ploa

/%

*/

{

Ipoguun[o)IxaNd<-n4umnjod = )Juwinjod

{

1 JPA0Q Y IUSWIR[A<-T) JIUSWD]D = J)JIUSW[D
{PIUSWIS[HO [ BWYISe[++ = PPIUSWSJH( | BWI<-N IS }
(TTINN =j NJPA0GYIUSWA[3<-N) JIUSW[)O[IYMm

{1 MO IUWI<-TJIUSWII[A = NJIUSWI[S
(TTINN =i HdMO[FIUMS[I<-T) JIUSWLR)I[IYM
I JIUSWI[HI0RINS<-NJUUIN]OD = FJIUSWI[D

}
(TINN =i HJuunjod)aqrym
‘ngyoorgisrjuwmio)pesyd = nquuinjod

I PHUSWIS[H( | euLt
TIOU) (1M SYSWDD [ JOqUINU MO 5/

gyooiguunjodixoNd<-nduuinjod = jJuunjod
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‘ngyoorgisrpuunjo)pesyd = nguwinjos

. }
(S10Ae JOIQUINNWNWIXBAT => pliakepuasn)o[iym

‘1 = plreAepuarmd

{

“IdyeoIguUIN[o)xoNd<-NJUUN[0d = JJUn[oo

'SISARTOIQUINUL-NJUUIN[0D = STOALTJOIOGUINNLUNUITXE AT
(s19Ae JOIPqUINNUWNWIXEIAT < $1I0AeTJOI9qUINU<-T) JUWIN[OD)JI
}
(TINN =} Hduunjoo)sfiym

ndyoorgisrpuunio)pesyd = nJuuinjos
'0 = S1Ae P OIoqUINNUWINWIXBIATT

/% ISI] UWIN[Od ur
SI9A€] JO JOqUINU WNWIXLW SUTWINA( 4/

~IdIUSWS[Ie} ‘NJIUSWAIHINYIO NFIUSW[ DO INANTTAd

'SI0AR JOIqUIN NUINUITXBAL I
‘pIvAeiuormo uy

B u

*PIULIN[ODTE] ‘PTUWIN[O)ISYIO ‘PIULINOD ur

inuuinjopIe) ‘NJUWINIODIAY0 ‘NJUWN[0d DO T NINNTODd
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{11 MO IUSWIRA<-T} JIUSWS[TIL] = I)JIUSWS[FIe]
(priokeiuaimd > prroke[<-IJIUSWIFre])aIym

N Jiusaws|gaoR)Ins<-NJUUIN[0O)IR] = J)JIUSUIa[Ie]
{(pruwnjodiep)Jnquunjo)dnyoo] = nJuuno)aey
}
(1~ =j pruwnjoprep)jr
[1pruwnjo)zIoqySroNUOWWOd< -1 JUUIN[OD = PJUWIN{O)Ie]

‘1= = [1]ppustwe[gIoqy31oNUOUIOI< -1} JIUSUIA]D
as[o

{PIIUSWS[A<-I JIUSWIS[HISYI0 = [1[[pPUSI]HIOqYSIoONUOWII0I<-T} JIUSWS[
(TINN =i DAIUSWFIYI0) T

MO IUSI3<-NJIUSWI[HIONYIO = BJIUWI[HIoY)0
(poAeuaind > plIoke[<-IJIUSUIS[FISYI0)IYm

T JIUSWA[FI0RJINS<-NJUWN[OD IO = NJIUSWI[FISYI0
{(pruwnjo)iayio) Jnduunjo)dnyoo] = nJuuinjo)Isylo
}
(1~ =i p[uwm{oDIayIo)J1
‘[1lpruwnio)IoqySroNuOUNLIOI< -1 JUUN[0 = PJUWIN[ODIYIO

}

(++1 UNODOTE<-NJUUIN[OI>T (0=1)I0]

}
(TINN =i HIUSWR)J

{1 JMOTOgIUSWID[I<-T) JIUSUID[D = I} JIUSW[D
(P[H2ARTIUALIND > PIIAAL[<-TIJIUSWALR)SIYM

{1 JIUSWIOJ QOB INS<-T)JUWIN[OD = J)JIUSWOLD

}

(TINN =i NJuUUIN[o2)31yam
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/%

nduuswiee DO LNANTTEd
“Ndaoedmory D01 dOVAMOTHd

Mdor  YD0T1d OUvVd
‘pL1eAeTIuoNIND g

'SIOARJOISqQUINNWNWIXEAT I
Aquumiod D01 NIWNTODd
}

(OIS 1908 MO [BIUOZIIO ] S)RIoUST
pioa

*/

{

‘++plIvdeIusLIng

{

‘ngyoorguwnjodIxeNd<-IJuUIngod = HJuuwngod

{

{

*1- = [fJppuswsjgzIoqysre NUOWIIOI<-1) JIUSWUI]D
a5

‘PIUSUIR[a<-N JIUSWI[FIe] = EEE»EBmNuoasm_oZSEEooA-meoEoE
(TTINN =i Ddyuawargre))jr
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{PIIOARTIUSLING = PLIOAR[<-11JO0RBIMO]]
“IV.LNOZIYOH = UOHEIUSLIO<-1 308 mO[]
{OI00[ GBI MO MANIRIO[[R = 1) IR IMO[]

}
(TINN =i Hdore)sym

‘ngpoorgisrorypesyd = ngore
}

(s1ofe JOISqUINNWNWIXBAT => PIoAeTIUALIND)O[IYM

‘1 = p1edeuaiIng

{

nPpojguunjo)ixaNd<-nguunjod = 1 Juunjod

'sI0AeQIqUNUL-NJUUINIOD = SISALTJOIIqUINNWINWIX AL
(s1Ae QI qUINNWUNWIXEAT < SISARTJOISqUINU<-T}JUUIN[0D)T
}
(TT0ON =i Hduwn[od)s[rym

‘ngpoogisryunio)peayd = nJuuiniod
‘0= Eo?ﬂouongi&:&mwaﬁ_

/% ISI[ UWINJod ug
$19A€[ JO JoqUINU WNWIXEW QUIULISI(T 5/

‘pruwinjod ut
J[nsax ur

A65

Appendix A MAPPER Description and Source Code Listing




(;dfy<-ngore)yonms

{
‘- = [1uswsygIusoelpe<-nJaseymoy
oso
‘PINUSWII[A<-N JIUSWI]S = [ ] Jjuswojiuase [pe<-ngeoegmory
(TINN =i Hduswse)y

“NJMO[PFIUSWII<-N JIUSWSS = I} JJUSWII[D
(PI1Ae PULLINO> PLISAR[<-1)JIUSWIA[S)IIYM

“NIUSUWIS[HAOBJINS - JUWN[OD = J)JIUSWS[D
‘(pruwnjod)yndguunio)dnyoof = nduunjos }
(1- =i pruwnjoo)j1
[1]uwnjoiusoefpe<-ngore = pJuwnjod

{

‘1~ = [ohusworgiussefpe<-ngooemor;
as[e

‘PIUSWIS[OL-T JIUSWLD = [oJruswarmusoelpe<-ngaoeymoyy
(TINN =i Ddwswa[a)z1

N MO[FIUAUWIRO<-NJIUSWIS[S = J)JIUSWI[O
(PHroAeIUSIIMO> pLIoke]<-IdIuswao)ayIym

“NJIUSWIR[HAORLINS<-T}JUUIN[OD = J)JIUSWI[D
‘(pruwnjoo) ynquwnjo)dnyoo| = HJuwinjod }
(1- =i pJuwnjoo)jr
‘[oJuwnjouscelpe<-ngore = ppuunjos

[1]uwnjoyiusoelpe<-ngore = [1]uwnjodjusoelpe<-nJeoeymoyy
([0]uwnjoyiusoefpe<-ngore = [oJuwnjouasefpe<-ngooe mopy

NJoTe = NJoIe<-1J908,IMOo[)
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[

ndoryaysoddo ‘ngore DO TE DUV
“ndedoegmory D01 dOVAMOTAd
guswsp IDOTY LNHWATA

}

(seoegmorqreruozrroydewu
proa

*/
{

{

‘++plIoARTIUALIND

{
‘ngyooigoryixoNd<-ngore = ngoie

{
yeaiq
“TIVA = 9dKi<-ngademory
TIVA 9580

Hjearq
‘AdVANNO4Y = adf)<-ngeoegmopy
{AAVANNO4Y 9sed

Iealq
IVNAALNI = od£1<-1gaoegmory
CTVNYALNI 9sed
}
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yealq
‘SHA =13punoy }
(pnuswarHIY3U == ppuswalgiedre)
‘[HpNuswa]HI0qySION UCWWIOd<-1) JIUSWA[H)S] = PIIUSWS[HeS1e)
(++1 QunoDdIR<-NJIUSWI O[> uouo.:wm
‘ON = 1[punoj

MA—UHHGOEQW“&@C nfu&uzoaoﬁmasxooﬁ = NJIUSWAH9]

‘PPUSWA[HIYSII = PPUSWI[FUIBIIISUMOP<-1} o8] MO
‘PRUSWIS[HYA] = ppuswagureansdn<-ngooemor)

‘{1 huswo giuace .ﬁva-bmoosmBom = ppuswoIHIY3
mStcqu_mEoom.EwA-bmoosmaoc = pIIUSWaHJI[
CTVNYHLNI 9sed
}
AombA-bmoomm\soSao:Bm
}
(TINN =i Hdaoedmor)a[iym

“ndyorgIsyeoegmorgpesyd = ngesegmory
*PIUSWS[TIYSYTe] ‘PIUSWS[H)Jo ey jur

“Ndiuswidrgrey DO LNINATAd
-IduUINIoODIYSTYIey ‘NJUN[oDRe T} YDOTA NINNTODd

*PIUWINODIYSTYIe) ‘pIULINO]}Jo ey ur
‘PIUWN[ODYS  ‘pIuwinjoya] ul
IQUSWIIHIYS  ‘NGUSWSIAYI]  MDOTH LNINTTAd
*PRUSWOIYSH  ‘ppusWS[gYe] Jur
‘pPRuswa[1a8e) 1111

‘1 9[punoy ur

Appendix A MAPPER Description and Source Code Listing

A68



jyeaiq

{1- = ppusus[queansd) rey<-nJooejmog
as|o
{
‘[1IppuswaIg Z10qy 1o N UOWIIOO<-T) JIUSW FIY S 1
= ppuswogueansd) rej<-nJdaoejmory
}
(SHA ==11punopjr

{
{
yeaiq
‘SHA =31punoj }
(PpusWS[HYel == pPuswIa[gIode))j1
.EEEoEo_mSﬁmSZcog:ooA -ngiuswo[iySL = ppuswajgiodie)
}

(++1 HunoDoIe<-NJIUSWAIYSII>T s0=1)10]
*‘ON = ¥[punoj

{(ppuswaIIyBL) Indiuswa[gdnyoo] = NJIuswIySu

1~ = PPULAUIS[{UIedSUM ORI <=1} J208 MO}
as[o
| {
{[1]ppuswa[g ZI0qUSIDNUOUII0O<-T} JIUSWIA]IJO]
= PAUSWIJURANSUMO(IRI<-1)1J308 I MO[J
}
(SHA ==1Ipunopji
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*PPUSWIS[HIJA IS = PIIusWaguIeansd ) 1ej<-1do0e mo[]

‘1~ = pRusWISIjoIe)
aspe

*PIIUSWR[A<-TJIUSWIS[FIe] = PIIUSWIS[FIJo ]
(TION =i DHdsuswd[gIe))jt

“NdMOPHIUSWO<-T) JIUSWS[HIe] = I)JIUSWS[FIe]
(PIAR[<-NJIUSWIIHIIS] > PLISAR[<-IJIUSWS[Te])o[Iym

mbnﬁ—uOEQmoow.tﬂwAubmgsﬂooumud.am = uumuEDEOﬁmuwm
{(PIuwIn[oDyo Y ey) AN quunio)dn3oo] = Jguunjo)ierrey

‘[0]uwniopusselpe<-ngoryansoddo = pyuwnjo)iyerey
as|e
‘[1]uwnpodusselpe<-ngoryaysoddo = pIuwn[o))yoriey
(PruwnjoDya == [g]Juwnjodiusoefpe<-ngoryayusoddoyy
‘(P1oTe<-ngole ‘pruwinjodspJumnio)yuorysusoddopuy = ndorysisoddo

*PIUWNOO<-T) JIUSWIS]HIJO] = PIUWIN[OJI[
‘(PRuswL[ge N JIusws[gdnyoo] = N JIUsWS[HIIo]

N doTe<-ndeoemor = ngoe }
as[e

‘1~ = ppuswagueansd ) 1ej<-nJgooemoyy
(1- == ppuawergyey)j1

*PRUSWSIAIYSI = PHUSWI[HWEINSUMOP<-T)JIOBIMO]]
‘PUSWL[HNS| = ppuswajguesnsdn<-ngaoe moyy

‘[T huswargiuacefpe<-ngsoemoyy = ppuswaimysu
‘[ohuswsrmiusoelpe<-ngesegmory = ppuswiapgyol
‘AYVANNOY sseo
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jealq

3

‘PIIUSWIHIYSIYIe] = PIIUSWI[TWEINSUMOJIC]<-IIJOORIMO]J

‘1~ = ppuwa[IySry ey
asd

{PIUSWd[I<-TIJIUSWI[HFe] = pUSW[HIYSryie]
(TINN =i HuowaTgIe))1

‘Ndmoegiusmse<-nNUstliajgre] = IJIUSWofgIe]
(praahe|<-ndiusws[HIYSLI > plIoke]<-NJIUwa]gIe])s[Iym

N JIUSWIRIHdRINS<-NJUWR[ODWYS Y Ie] = I JIUsWofIe]
‘(pruwinjoDiy3nyrey)gnduunjoddnyoo] = nquwnjodiysrye;

([o]uwmjopusoefpe<-ngoryaysoddo = pjuwnjo)iySnyre;
as[o

{1]uwnjopiuasefpe<-ngoryansoddo = pruwnjodiySryrey
(pruwnjoDy3u == [pluminjoDussefpe<-ngoryasoddo)jr

‘(prore<-ndore
‘pruwnodysu) Juunjo)yuporyaysoddopury = ngoryaisoddo

{PPIUUN]0O<-I IUSWSHIYS I = pJuunjo)Iyis
((ppusworIySU) JnJiuswe[gdnyoo[ = nJiuswa[gIysu

1 JOIe<-1)JO0RMO[] = N JoIe }
as]e

¢1- = PPUSWS[HWRANSUMOJIR]<-1}JO0B, MO}
(1- == ppuewe[EYSLNH
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[

/%

SUOTJUIAUOD

19410 JO SSHTAAVOHIAI idNl
HY OL NIIV.L ST MOTH HALLISOd

OTVINY INH 10 «/

I JIUAWSHUBANSUMOTIE)

‘I JIUSWOJUIBIT)SUMOP

‘ndiuswerguieansdn
‘nguswsgureansdnrey DO NN TAd
“iduwnios  IDO0Td NINNTODd

Ndededmoly D0Td HOVIAMOTAd
w0 LNANA T
}

()saoegmopgieoniopdew
pioa

*/
{
{
“NdIO0IGR0RIMOLIXONA<-1JIORIMO]J = J) 0B MO[]
b

Neaiq
TIVA osed

Appendix A MAPPER Description and Source Code Listing

A72



¢

‘PIIUSWA[O<-N) JIUSWIA]TUWILSNSUMOP = PIIUSWIA[FUIBIIISUMOPL-T}JIORIMO[]
‘pPrusuws[I<-nqiuswigureansdn = ppuswajguiesnsdng-nJooejmoy

{1~ = ppuswsjgueansdnrej<-1deoeJmolj
os[e

‘ppuswRR<L-niuswrgueansdn ey = prjuswogueansd) e)<-1Jooe Mor)
(TTINN =i Hduwswejguieansd ey

wvmoommaoﬁA-bmoomeOE = PI9deJMO0]JUI0110q <N JIUdW[FIRIIISUMOP
"IVNYUELNI =2dA1<-1dooemory

YIVOLLYHA = UONBIUSHO<-TJ0RMO[)
) NOO[ ORI MOLIMINSIEIO[[E = IJ0RMO]]

admoppguawsfe<-nJiuswopgueansdn = nuswepgueansdney
N JMO[OGIUSWIS[<-NJIUSWHUWESNSUMOP = N JIuswa[gueansdn
N JOA0QVIUSWISIL-II JIUSWS[HWEINSUMOP = I JIUSWI[TUWEAISUMO(TIe]

(TTON =i DIUSWS[UEINSUMOP)O[IYM
{NJOA0QYIUSWAI<-TIJIUSWID = T} JIUSWS[JURINSUMOP
{NJMO[OIUSWAI<-T) JIUSWIAO = J)JIUSWS[O
(TINN =i NdMOIRIUAWA[O<L-T) JIUSWIR)S[ YA
LI JIUSWIS[FA0RJINS<-IJUUIN]O0D = J)JIUSW[D

(TTON =i HJuwn[od)aqrym

‘ngoporgisryuunjo)pesyd = nguuinjod

/% dnaq 0y uaxe) mofy FALLISOJ pue
Yiim dn wo30q oy} WwoIj parequinu
$30B] MO[J [BOTIIBA dARY (M TAD] 5/
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‘(ngoreyurnjox
(PIoIe == pore<-nJome)j

}
(TTNN =i hdore)onym

ngyoorgisiorypesyd = ngore
iddre D014 OUVd
}

(PIoe R Indorypuy
MD0T149™DYUVd

*/

{

oI guumioDIxoNd<-nJuuInjod = JJuuminjod

{

“11dPA0q VIUAWS[I<-NJIUSII[HWEINSUMOP = JJIUSWS[TUILILSUMOP

‘1~ = PPUSWRHWEANSUMOIBJ<-TJOOBIMO]] |
aspo
*PIIUSWI[O<-T) JIUSWS[UIBIISUMO(TIB] = PIUSUWIS[HUIBANSUMO(JFBJ<-1)J30BJMO]]
(TTNN =} NJIUSWS[HUEINSUMOCTIR))JI
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/%

1

*/

(TINN) Wi

{

N INO0IFOPONIXU<L-T}JIPOU = J)Jopou

‘{(ndepou)uinyax
(P19pou == p[apou<-nJapou)jr

}
(‘TION =j hdapou)sym

Smxmoﬁmunozgoma = IJapou

“ndapou JYD0T19 HAONd

(PIopoU Jun)4NJapoNPUY
MD0Td AAONd

*/

(TINN)uIRI

{
NINo0[gOIVIXoNd<-NJore = ndore
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‘([prepou]ferryngapoNdnyoor)ungas
s

(TINN)wINax
(3unoDapoN[eqo[8 < pfapou)yr

{
I JYO0[gOPONIXSU<-TJopou = I Japou

‘ndepou = [pIepou<-ngspou]AerryngspoNdnyoo]
}
(TINN =i hdepou)afrgm
ndyoorgspoNpesHd = ngepou

(1201 HAONJ)J0321s‘ [+HUNODPONTEqOIS)201Ed 4 IDOTH AAONJ)
= AelryndspoNdnyoor

}
(TINN == AerryngapoNdnyoop)jr
‘ndepou ¥DO 19 AAONd
}
m
(P1opou JungngspoNdnyoof

D019 HAONd
/+ Punore SqrS Surequinu apou --gSN LON Od +/
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/%

I

}

(pruwnjos jur)ynduwnjo)dnyoof
3ID0Td NIWNTODd

*/
{
(TTAN) W
{

ndyoorguuno)IxoNd<-nJuuInjod = jJuuinjod

{(nquunjod)urnax
(pIUIN[0o == PIUWIN[OI<-NJUWIN[OI)JI

}
(TTNN =i HJUWN[02)3[IYM

‘ngyoorgisruunjo)pesHd = nquuinjos

sIquumod YO0 Td NIWNTODd
}

(PIUWIN}0d JUR)nJuUWInjoDpuL
D018 NINTOOd

*/
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/%

ndwswspe 00T LINAWATH

}

(ppuswape Jur ) gnguswargdayoo]
MD0T1d LNHNATAd

*/
{

¢ ( [pruwnjos]Aerry nguunjoddnyoo] ) uinox
aso

*(TINN) winjer
( (unoouumjo)eqol8 < pfuwinioo) || (f > pruwnjoo) ) 1

{
{

+ Igyoorguunio)IxaNd<- HJuunjod = nJuwnjo)

{NJUWIN0d = [pUwN]od <- bm:EELoou%mguum§=~00m=x0o~

}
(TTINN =i nquunjod ) ofIym

‘ngyoorgisrpuuniodpesyd = nduwnjo)

- ((AD0TE NINTODd) Jodzis‘ [-Hunojuun|o)[eqo[8) 20[1ed(x IDOTE NNNTODd)

= Aelryndguwnjo)dnyoor

}
(TINN == Aerrynquunjo)dnyoor) j1

“Nquunod YO0 19 NIWN'TODd
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/%

(predemopy ) Jndgeoeymopydnyoor

AD0Td HOVAMOTAd

*/

‘([ppusuaps]Aenry nJyuswagdnyoo)uinias
as[

(TINNYWNaI
((unoDuaWSlHTRq0I3 < PRUSWISYS) || (T > PPUAWILR) )3t

{
{

N PAOOIHIUSWTIXONA<-NJIUSWID = N JIUSWI3

NJIUSWS]S = [ppuswe[e<-TJiuswafe] Aerryniuswagdnyoor

}
(TINN =i DJHUSWDPR)I[IYM

‘nyoorgsipuswsigpesHd = nJIuswafo

{10014 LNEWH THd)I0d2Is* [-HUNoDIuawaH1eqo[3)00[{ed(x ID0Td LNAWA Tad)
= Kenrynqiuswergdnyoor

}
(TINN == Aenrynguswsrgdnyoop)ji
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/%

*/

‘([p1ooemopyjAerryngesegmorgdnyoo)uinyal
aspo
(TINN)uInjar
((Guno)aoemorreqol8 < preoegmop) || (1 > pleoegmory) )t

{

. {
NIAO0[ R MOLIXINA<-11JIorJMO]J = T)JOOBIMO)

“ndaoemo[j = [preoemopi<-ndaseqmopy]Keiryngooeymodnyjoo|
}
(TINN =i DdeoegMofp)erym

oo gIsrTeoegmoppesqd = ngeoejmory

(1001 HOVAMO TAd)I0ZIs [-HUN0)30eIMO]J[2q08)20[[8d(5 IDOTH HOVAMOTAd)

= Aelryndaosegmoldnyoof

}
(TINN == Aeuryngaoegmordnjoop)jt

“Ndaoegmol D0 HOVAMO1Ad
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(TVOILYHA == UONRIUSLIO<-T)Jo0e,{MOL})J!
ENE]

{
‘pIepoNIAu)do) = Se L ITINUapI<-NJIoeIMO[J

{(T-urseoeIMOT3I04R]) + JoIu*[P[OPONISIUS)90RLINS IS TOPONSORINS
= pIepoNIaIua)do

=N )
‘PIOPONIOIUR)DIRINS = pJopoNIaua)do}

(1 == uyspeorymopjIoker

‘pIrefe|<-ngadeIMol] = U[S[eorJMO[JIoAe]
{[1IpIopou<-ndore = p[opoNISuUd)deIns
NJore<-nJaoeImolj = nJgore
(TVINOZIOH == cou.ﬁcoﬁoA-hmoocmBoEWm
(TINN =i bmooamaoso::ws

NN GISTTEoRIMO]IPeIHd = NJaoe Moy

‘PruswIdfe ur

aqusws IDOTE LNHWNATAd
‘ursfeoRgMorJIo4e] ur
‘PIopoNIaua)do} ur
‘PIPONISIU)3OR]INS jur

‘ndor {DOT1d DUVd
“ngededmoy D01 HOVAMOTAd

}
()s8e LIo1]1uUspa08, MO {158
proA
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NP0 gI0e MOLIXNA<-11 3B IMO[ = JIOLIMO[J

/% HALLYOHN 3e) Joynuapt oy Supyewr
Aq uBis xnfj ur a8ueyd e AJedIpUI
T[4 9p "PT JUSWS[R JoSIe] 9Y) 0] I
JUSUISYO JO[[ewS 3} YIM JUSWII[S UL
wioJj 9q 0) uaye) ST s[opouwt 1,0 ul
9sUs Xn[J Y[, jIoAe] pug ay) 03
uwnjod aures ay) ur dn of uay) Joke|
w0104 9Y) Je adeyInsqns oy ug
sjuswo[s Supaquiny 1re)s Aay) uay
‘20BJINS A1) U IS11J SYUSUIS[S Joquinu
Aayy QTVIATY ur asnedoq st sy o[y
onueuApoipAy oY) WI0I} ur pesr ore
soxn(y ay) uaym X114 4O HSNAS DNOIM
HH.L dAVH TTIA Unjod e ut 9dej mojy
[eO11I3A 1SI1J OY) Yieauaq saoe]
MO[J [BONMAA [V "JoAe] 2orJIns
S} Yjeouaq IaAe[ € Ur 9q Isnwi )1
usy) ‘1oAe] 95JINS O} UT JOU ST
Judwore weansdn saoey MOLJ oY) o[
"PIIUSWI[H() [ LULI §,JUSUII[ WEST)SUMOP
§,90B] MO[J 9} 9q 0} uaye) I
TOYNUapT oYy uayy S131 JT 1[99

doeans e st [[9o weansdn J1 Yooy ,/

*PIIUSWIH( [ BUI<-T) JIUSWI[S = Fe [ ISHUIPI<-NJ08IMO[]
{(ppuswv[R) N giuswa[gdnyoo] = nJIuswpd
‘ppuswiojgueansdn<-1JooeJmop= ppuswofd

}

{
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/%

yeaxq
‘M, = od£ 10005

TIVM 9sed

yeaiq
g, = odL ] 000]

AYVANNOY 9sed

yealq
41, = adL 1 o0e]

"TVNYALNI 9seo }
(edf1<-1ngaoeIMOL)YoNms

}
(TTNN =i DJoeIMOL)IIYM

{1 = pIeoedMmol{[opow

‘nporgIsrTeoedmorIpesyd = ngoseJmoy

‘uonjejuerI(aoe] ‘ad£ 1 o0u] Ieyo
‘pIoce Mol [opowr I
ndedegmory D01 FOVAMOTAd
}

OdmmdinQi0,45908, MO ]| VISqUINUX
proa

*/
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“hddoedmol JIDOTE OVAMOTAd
w01 INAWNATA
}

(nquunjod 0T NINNTODd )OJUIIRIMOTJ[EITIOA SULINO)VOALIOL,
uy

/% . */

{

{

A0[RI MO[IXONd<-11 398 JMOJ = NJoeIMO]]

w++v~uo«n~30~n=oﬁog = wmoommagmﬂovoEA-bmoom.r.m?o_.«
}
((L == odA10e) || (g, == 2dA La0w]) )1

yeoiq
¢ A, = UOTIBIUSLI)a0R]

TVOLLYHA 9sed

eaiq
LH, = uonejuariaoej
"IVINOZIYOH 9seo }
(UOTRIUSLIO<-1) JOOR MO )N MS
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/%

‘asrpunuInax

{
ndaroqyivswsp<-niusweiguieansdn = nyuswsguesnsdn
‘preoegmory = [++xspupsrpurjisrpur
‘pIdRIMOJuONOq<-NJIuswdHueansdn = p[aoeImor]
A }
(TINN =; ndiuswsguieansdn)a(iym

{11J9A0QVIUSW[A<-T) JIUSWI[Q = N Jiuswargureansdn

xcsouo,.ommBoE:EES = [++xopupisrpurlisrpur
{((Qun)Joazis‘ 1 +Uno)H3deJMO[JUWIN[0D)30][BI(4 JUT) = ISTTIUL

*Keire

JO 9ZIS 1210} JO JUNO0d 9q
AeLre ur JUSWIQ[D ISIT) OB %/

{

{NdMO[OFIUAAI<-NJIUSD[S = J)JIUdWI[D
+Huno)doeImolJuuniod }
(TTINN =i NIMO[agIUSUIS[A<-NJIUSUII[)[IYM
NJIuawa[gaoeIns<-nJuminjod = NJIUSWI

{0 = xopupisrIuI g

asrpul, ut

{0 = JUN0DRJMO[JUWIN[0D ut
‘pIedeImory ‘1 ur

‘ngiswsiguesnsdn D01 LNHWHATAD
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/%

‘PIUSWIA<-NJIUSWII[D
" \P9% P8%, Ino)puridy
}
('TTION =} DJIUSWS[R)S[IyM

ngHoorgisrpuswsgpesHd = ndiusws[e
‘(WANFHd DI ‘pno)puridy

‘(0" Juadoy = ino

ASTTULIaquIny jui
SSIPUL, jut
iduwnies D019 NINNT0Dd

{PIIUSWIHUBIXISUMO(]IR]
‘ppuswdrgueansdn ey
‘PIIUSWS[FWBAIISUMOP

‘pruswdgueansdn jug
{pIIdRIMOT[opow jur
‘uonejuatIQaoey ‘ad4 oo Ieyo
o, HT114

‘prooeImoyy uy

“Nda%edmox  JDOTE HOVAMOTA
ndiuswse  YDOTd LNHNATHd

}

Odist1eoegmopfutid
proa

*/
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yeaiq
LA, = UohejusLIOade]

YIVOLLYHA 9580

yeaiq
+.H, = uonejuariooe}

IV.LNOZIIOH @sed }
(uoneualIo<-nNJaoe Mool Ims

{
‘yealq
‘M, = odA108)

"TIVA 9580

yealq
‘g, = adL1908)

{AAVANNOY ssed

yea1q
41, = odA [00u]

TVNYIHALNI 9sed }
(edf1<-ngaoeIMop)yoNms

}
(TINN =i Dgaoedmof)arym
10 = pIeoeJmorJ
‘ndAcoIgIsT IR MO peaHd = ngoorimopy
‘W\OVL INANMOHdAL €df df T g1 dlHd :./...t:ov.tcc&

{

‘ndyoorgIusw XN <-1IJIUSWS[S = J)JIUSWIIS

{(ppuduIS[H() | BULIS-T} JIUSWI]
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‘PRIUSWIS[HWEBANISUMO(]TE]
‘PIIUSWIS[HUIBIIISUMOD
‘ppuswsguiesnsdn
‘priuswefueansdp ey
‘pPredemolqrepowt
“W\P9% 9% 9%  P9% P9% P9% P9% P8%. PIno)purids
HHprocegmory
}
((TVNYHLNI == 2df1<-ngaoemop) || (AYVANNOE == 2dA1<-1ngooegmory) )1

{0 = pPUSWAIHWEaNSUMO(]Ie]

as[o

*PPUSWIA[HUIEANSUMOJIBI<-T) 0B MO]J = P[IUSIIS[UWESIISUMO(LIE]
(1- =i pPuSWA[HWeaNsuUMOJIej<-NJaoeJ MO )Ji

‘0 = PIIUSWIJWERANSUMOP

os|e

‘PIUSWIS[HWEANSUMOP<-TIJI0BIMO[] = P[IUSUIS[JUIBOIISUMOP
(1- =i PPUSWS[WEINSUMOP<-TIJI0BJMO[)JT

‘0 = ppuswargueansdn

as[e

‘PIusws[qWEaNsSdN<-NJa08,IMO]J = ppusws[guieasnsdn
(1- =i ppuswagqueansdn<-nJaoeJmog)j

{0 = ppuswaguieansdprey

as[e

‘pruswergueansd)ej<-ngaoe moyy = ppuswoguiesnsdnte;
(I- =i ppuswR[FUEansd()IeJ<-nJooeJMO[)JI

‘PIOOB MO [OPOWI<-1} 30 MO[J = P[IOBIMO[J[SPOW
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{
‘ngyoorguuinjo))xaNd<-nduunjod = 3Juwunjoo
‘asrpunaay
{(sTTUHeqUINY ‘pIUIN[0d<-T}JUUIN[od*, M\P%PY%, FIno)urdy
‘[ohsrpur = 3sTTuIeqUINU
{(NJUUWN]OD)OJULOLJMO[J[O1IIO A SULINJOD) VIALIIT = ISTTIUL
/% Y ystuy
© oM UaYM KIOWISW 9SBI[aI O) pasu
0S pajeooj[e A[[eorweuAp S IS
ST, "UWIN[Od Yora JOJ S908) MO[J
[EOTMIDA JO IST] © SWINJSI UOT)OUN 4/
}

(TINN =i HJuunjoo)aiym
‘ngyoorgisipuunjo)pesHd = nduuinjod

GUIAN g5 w,‘pno)pundy

/% OJU[ UIN]OD B U S908] MO}
[EONIOA JO JoqUINU A} INO SIIA 4/

{
‘oo geoemoIxaNd<-11Jeoe Mo} = NJaoe Mofj

{(BeLIonnuspi<-NJooeImolJ
‘UonIBIUALINIOR]
‘ad£ 90%]
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{(JIn0)350]9]

{

ngoorguuinjodixaNd<-nquuun[od = Jiduwnjos
‘(s1pun)eayy

+(,n\, Jno)puridy
{
‘(P1edemorepow, p9g, o no)puridy
‘PI9OEIMO[[9POWIK-1}JIOCIMO]J = pIadeMmo]J[opow
{([Mrsrpungngsoemopidnyoo] = ndaoegmors }
(++1 IsTTUIsqUInU=>] {1=1)loj
{(puwn[od<-nquuinjod*, pgy, o+ mo)purdy

‘[ohsrpur = 1sTTupequIny
*(NJUWIN[02)0JUTIORI MO [BOTHIS A SULIN[OD Y OA ST = ISTUT

/% I YNm ystury
oM USYM AJOWISUI 3SBO[AT O} Pasu
0s pajeso[[e AJ[eorweuAp si isi|
SIYJ, ‘'UWNJ0d Yo JOJ $908J MO[J
[EONISA JO ISI] B SUINJQT UOHOUN 4/

}
(TINN =i Bduwnjod)d[rym

ngyorgisruumniodpesyd = nguwnjoo

GOVCISIINAA  dS  w,‘pno)pundy

/% OJuI UWIN[OS © UI S308) MO[J
[BO1I9A 9} INO SJUIM 4/
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/%

/%

(TINN =i HJUWN[O2)IYM
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TVIANTO HIOW DNIHLANOS OL
AQEDNVHD 34 OL SAAaN SIHL NOLLVDI'TddV SIHL OL ATIIMAAVH SI AT 19

I INHWHTH 40 dO.L HHLL 40 LNO XNTd TVILLYFA FHL = (DVAIVA
X TVOLLYHA ANV SHANNTOA Y04 SINAWHTH 40 LSTT= (ANI-1)3SI'T
(DASIT INFWATH 40 HNNTOA HHL = (I'TOA
(DSI'TEDVA Y04 XN'1d FHL = (DXN1d
SYHIWNN HOVA TYOLLYHA HHL 40 LSI'T=0ANI-1)SIT
SHOVA "TVOLLYAA JO Y9N FHL = NS
(IVYNVId ‘2D SINGWHTH HOVAINS J0 YAGINNN HHL = SAN
JA9NNN 3OVd HHL
SI1:8 YO0 9 HOVA SIHL dN ONIIVIN SHAON J0 ¥TFWNN FHL = (DIINN
AHENNN HAON TVOOTHHL SI [ ANV JAINNN OV
HHL ST T H4FHM *HOYd V ANNOYY AT4V.L NOLLOANNOD AdON = ((‘I)ANdI
HOVA SIHL ONOTV SHIONVIRIL 4O YFGNNN = 1IN
HOV STHL ONOTV STVIALVIIEAVNO 40 YHIIWNN = AON
dOL ANH 497904 dI AdON = TAON
dOL ANH LHORI 404 dI AdON = YAON
HOVA HHL Y94INNN OL A4S HAON HAIS-AIN HHL 40 # = NN

SNOILINIZHd

(TANLOAA (AN THAA (ANIN‘Y) THAX NOISNAWIA
(ANWHLAIM (THAHXIAN (THWHL (THN) LVAT (TIA)NIODN'
(0T TAN)JON (dNWATAN (ANIN)dFAN (ANIN)LINSNNIW)OY"

(ANTXTIN (AN VATV (€ ANINOEAS (€' NI QI 0D NOISNAINIQ
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(ANWDXNTA AN ST T (THEINN'(8'ANI)ANAI NOISNFINIA
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HNNTOA ¥IHHL SALYINDTVO OSTV LI A4 LNd.LNO
AUVNIL 0TVINY V 40 SADVH
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NNI = (8“1dADANAI
JAON = (L1danaNdi
[+(QIAON)HIIN = (9“THADANAI
THIAON)ATAN = (S“THADANAI
T+(TAADATAN = (Y 1dADANAI
THIAON)IMAN = (€ 1TAADANAI
[+(TAON)IMIN = (Z“THADANAI
TTAON = (I"THADANI
Topr=(wul)syy
[+wuf=wuf
NNI = Tl
NEHL(1°0d ')Al
aON'‘1=f 021 0a
NHHL (0'IN'AON)4I
pbu-sul=nu
:ocnwg%g.:.:ocv.:
[[ou=pbu
¢/(1-(AAON)IEAN) = Y'TaAN
¢/(1-(TAON)dAAN) = TTaN
. J1 dN™F
(THI'HDdON=YAON
HSTd
(9-T'ADdON=YAON
NAHL((enuIoouw OH (1+1))41
(I'ADdON="TAON
¢/(I+HNNDJIFAN) = ANL
011 03 03(( su(uuf)aduu)jr
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4STd
9 = (THADAJNN
THAI = (9“T3ADANAI
JAON = (§“1TaanaNdar
I+(TAADAEAN = (P 1HADANAl
ZHCIAON)ITIN = (¢ THADANdI
I+(TAON)ATIN = (Z'THADANAI
7TAON = (1“THADANAI
TAAI=(ANDSTT
T+HANI=INNT
NNIf = Tadl
NAHLOITAN LO TTAN) 41

NAHL(1"OF" D41

NHHLO'0A'AON) 41
LN ‘T=f 0T O
NAHHLO AN YLN)AL

AIANH

ANNLLNOD

J1 aNd
8 = (THADAdNN
Tadr = (8“1HANANdI
1+(9“THADANAI = (S“THANANdI
I+(LTHADANAdI = (9 TaanaNdi
x(1-N+(IAON)JITIN = (LTAADANAI
T+T4dI = (F*1THaDaNdl
1+(Z"1daDaNdi = (¢ 1TaanaNdal
I+(I“THADANAI = (" THaDaNdI
¢x(1-D+HTAON)ITIN = (1“1HADANJI
THAI=(ANDSIT
T+IANI=INNT
T-(+HNNDITIN=TIAI

4814
8 = (THADAINN

0T1
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TH(STHADANI = (€ TaanaNdl
I+(S"TAADANAI = " 1TadDANdl
TxLdON + (JAONDHFIN = (S“THANANAI
I+TAdI = (Z1T4aDaNdl
TTAON = (1“THADANAI
I-f+dON = 1LdON
THAI=ANDSIT
T+IANI=IAN(
I -1+ (NNDITIN = TddI
48714
9 = ("THADAJINN
1Al = (9“TAADANAI
AAON = (S“THaDAaNdI
T+T1AdI = (" THADANAI
[+ TAADANAI = (€ 1adDaNdl
I+(1"19ADANdI = (' 13anaNdar
T« LAON+(TAON)ATIN = (1“T4ANANAI
I-f+dON = LdON
TAAI=(ANCSI T
T+IANI=INN(
I -+ (NNDJITIN = T4dI
NAHLOITAN LD TTAN)AI

348714
JIaNd
9 = (THADAANN
TAdI = (9" THADANAI
¢+(IAON)JTAN = (€“1THADANdI
[+(IAON)AIN = (Y THADANAI
AAdON = (§*'THADANdI
[+(TAAD4AAIN = (T 19dDANAI
TAON = (I"19dDaNdai
TAAI=(ANDSIT
T+INI=IAN(
NNI = T14dI1
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¢HS TAANANAI = (€ 19anaNdl
I+(S“THADANI = (¢ 1TdaDANdI
Z+LdON + (MAON)AMIN = (S“TAANANAI
T1+71ddI = (Z"13ADANdI
T+ AONH(TAON)ATIN = (11dADANAI
4STd
9 = (THADAINN
T1AdI = (9" THADANAI
TxAONHIAON)ATAN = (S“TAADANAI
1+19dI = ($*THADANdI
1+(Z"T3ADANdl = (€ 19dDaNdI
1+(I"THADANAI = (Z"19aDAaNdl
TxLJON+(TAON)AFUN = (1“THANANAI
NAHLTAN IO TTAN)AI
THAI=(ANDSIT
T+HAINI=IANT
LdON + (NNDATIN = TddI
I-f+dON = LdON
48714
JIANH
JAIANA
9 = (THADAJINN
TddI = (9“13aDANdI
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((9'HOVADANAI‘ 1) TAAX=9N
(S'HOVADANAI'E) TAAX=SH
(S'BOVADANAIT) TAAX=SA
(S'FOVIDANAI‘ D) TAAX=SN
((F'dOVADANAI'D TAAX=VA
((F'3OVADANAI' DTIAX=YN
((€'HOVADANAI'E) THAX=EH
(€' HOVADANAI'D) THAX=EA
((e'gHOVADANAI' DTIAX=EN
((T'HOVADANAI' D TAAX=ZA
((T'3OVADANAI D'TAAX=2N
((1'3OVADANAI‘E) THAX=1H
((T'3IOVADANAI' D) TIAX=1A
((r'govdDaNdar )TaAx=1n
(€'(L'3DOVADANADAI0D=LZ
(T(L'FDOVADANADAIOD=LA
(1L '3OVADANADAIO0D=LX
(€($'HOVADANADAIO0D=SZ
(T(S'HOVIADANADAQIOD=S A
(1'(s'FOVADANADAIO0I=5X
(€ (e HOVADANADAI0D=EZ
(T IOVADANADAI0D=EA
(1'(€'q3OVADANADQIOD=EX
(€'(1'aOVADANADTIOD=1Z
(T'(1'9OVADANADAIOD=1 A
(I*(1'4VIADANADQI0D=1X

(DSI'T=HOVAI

WNI‘T=1 012 O

AINO TVIALVYINAVAO Y04 dNLAS A TINTNIND ST SIHL
(su‘t=["(No3p)

‘(du‘p=(Dear‘@gpuT=x(M"Y)[oAx))
Jpu‘du1a1(00g=pus‘09)pear
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J
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1Z % €X = 1Z¢X

1Z % IX=1Z1X
sueiqooef 10y so[qerrea Areioduio)

LZ-SZ=6Z
LA-SA=GA
LX-SX=6X
LZ-¢Z=¢Z
LA-EX=¢A
LX-eX=¢X
LZ-12=1Z
LA-TX=1A
LX-1IX=1X
JSUIOD © 0) SAIUB]ISIP SOUIQJAI

SHXNH TV.LNOZRMOH HLVINDTVD

((L'3OVADANADOVH(L AOVADANAI‘E) THA X *
((L'FOVADANADOY-AFTD/(((L‘BOVADANADOV-LZ)=LZ
(S*HOVADANADOV+H(SHOVADANAI'E) TAA X
((S'HOVADANADOVY- AT TD/((S*TOVADANADOV-SZ)=5Z
((€'EOVADANADOV+(€ ADVADANAI‘E) THA X %
(€' FOVADANADOV-AH T/ TOVADANADOV-EZ)=€Z
((1'8DVADANADOVH(I ‘HOVADANAI'E) THA X
((T*3OVADANADOV-ATTD/A(1'HOVADANADOV-12)=1Z

NOILVINYOdSNVY.L HHL ¥0d SHLVNIQYOO0D FHL LOTAI0D

((8'HOVADANAI'T) THAX=8A
((8'HOVADANAI‘T)THAX=80
((L'FOVADANAI'E) THAX=LH
((L'FOVADANAI'D) TIAX=LA
((L'BOVADANAI' T THAX=LN
((9°HOVADANAI'TD THAX=9A

(ORORORS)

(ORORE,
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9¢/
(€ZSK+'T-SZEA+THSZI X+
EZTAw'EHTZSA-TZEA+'€-)x8N% T+
(EZSAx'THSZEXA'T-
TZEA+"THSZIAHTZS A-EZT K%' T)xLN+
(SZEAX'E+SZTA+EZSA+'€-
VZSK-TZEAX'TEZT X5 DN %"T+
(SZEA-CZSKHTZEAx THEZT A% TSN+
(SZEA+'V+SZIX-CZSKs'b-
EZTAw EHTZSAHTZEA K € )x b N5 T+

(SZER-SZIA-EZSA+EZIA-1ZSA+IZEX)EN+

(SZEAXE+SZIA-CZSA+'€-
EZ1 A VHIZSAHTZEA 5 Y-)x TN T
(EZSAX'THSZEAX'TIZEA+EZTX)x1N) = Xod

§Z % SA =SZSX
SZ % €A =6ZEX
SZ+« 1A =CZIX
tZ % SX = €ZSX
€Z x EA = ¢ZEX
€Z x TA =¢ZIX
1Z « SA = 128X
IZ « EA=TZEX
1Z %« TA=1ZIX

SZ x SX = CZSX
§Z « £X = SZeX
SZ « 1X =6SZIX
tZ « SX = ¢€ZSX
tZ x €X = €Z¢X
tZ x 1X = ¢Z1X
1Z « SX = 126X
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(€'ADJION=¢€41
(1'ADdON=141
HI=(ANDHSI'T
T+ANI = ANT
NHH.LO0Z OF (HDNIODN) A1
AN‘T=HI 00£ 0d
0 = ANf
D
NOILVINDTVD HNNTOA SINHNATA dE D
D
oscﬁcoo OON
HANLINOD 012
Jipuo
OVAIV' OXN T OSI T )T LM
AdX S AAXA, G DF LM
uay((066 (NSI) pue" (08618 (1SI))J1
(AVxAV+X VX V)LIOS=(DVAIY
(€ZSX-SZEXHIZEX-EZTIX)%S'0 = AV
(€ZSX-SZEA+IZEA-EZIR)%S'0 = XV
Ad + X4 =DXNTd
'o¢/
((€ZSX%"T-SZEX* THSZIX+
EZTXx'€+IZSX-TZEX " €)x8Ax T+
(€ZSX#'T+HSZEX*"T-
TZEXx THSZIXHIZSX-€ZT X% T ) LA+
(SZEX#"EHSZIX+EZSX '€~
1ZSX-1ZEXx'T-€Z1X%"VD59A% T+
(SZEX-CZSXHIZEX 5 THEZIX+'T)xSA+
(SZEXxV+HSZIX-€ZSX 't~
EZIX# EHTZSXHIZEX 5" €)sb Ax T+
(SZEX-SZIX-EZSX+EZIX-TZSX+IZEX)+EA+
(SZEX+'E+SZIX-€ZSX '€~
EZTXx PHIZSXHTIZEX % V)« TA% T+
(EZSXx THSZEXx"TTZEXHEZIX ) TA) = Ad
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((€gDOV-ATTD/(€ADOV-£dZ)=cdZ

(gDOV+(TEI'E) THAX «
((TIDOV-AFTDA(1EDOV-19Z)=19Z
(€'LLDAYOD=LILZ
(€'SILDA@I0D=S1Z
(€'eLDAYOD=ELZ
(€ 1LDAI0D=11Z
(€°LIDAI0D=LEZ
(€'saD@I0D=59Z
(¢'edDAI0D=c47Z
(€ 19DAI0D=197Z
(TLADA@I0D=LA
(T'SADA@I0D=SA
(T'edDAI0D=€X
(T'19DAI0D=1A
(I'LdDA@I0D=LX
(I‘'s4DAI0D=5X
(I'edDA@I0D=€X
(1'19D@I0D=1X
Jipus

LI EI T AL (4 4 )oNIM

Lr'SqreqrIqr qr (s« )oim
uayl(696 baan
(0T'ADdON=8.11
(61'HDdON=LLI
(81'HDAON=911
(LT'ADdON=SCLI
(91T'HDAON=¥11
(ST'HDJAON=£11
(PT'ADION=ZLI
(€T'HNDdON=1.1I
(L'ADdON=L4I
(S'HDdON=54I
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TILASX % T LAEX+LATXHS ALK+ THSAEX#'T-

EALX-EASX# THEATX-TALX-TAEX)*(SLZ-SHZ)+

THLASX-LATXHSALX+SKEX % T-SAIXHEASK T

HEXTX# T TALX-TASX-TAEX O(ELZ-€AZ)+

TILASX-LAEX-LATX# THSALX+SKEX-CALX+
EASXHEATXx T TALX % T TAEXx D+ (1LZ-THZ)=(ANDTOA

INHWATH NV 40 HANTOA HHL HLVINDTIVD

LA+SX=LASX

LA+EX=LAEX

LA«TX=LAIX

SAxLX=SALX

SA+EX=6XEX

SX+IX=SXIX

EXxLX=EALX

EXxSX=EASX

EX+IX=EAIX

TA+LX=TALX

TXxSX=TASX

TA+EX=TXAEX
(LIDOV+(LLI'E)THAX %

((LLDOV-ATTA/(LLDOV-£1Z)=L1Z
(SIDOVHSII'E)THAX *

(SLDOV-AFTI/(SLDOV-S1Z)=S1Z
(ELDOVH(ELI'E) THAX %

{(€LDOV-ATTD/(ELDOV-E1Z)=ELZ
(ILDOV+(ILI'E)Y THAX %

((TLDOV-ATTD/A(1LLDOV-11Z)=11Z
(LIDOVHLAI'EY THAX %

((LADOV-ATTD/((LADOV-£HZ)=LHZ
(SADOVHSHI'E) THAX %

(caNOV-ATTA/(SEDOV-SHZ)=54dZ
(EdDOVH(EAI'O) THAX

(ORORE)
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+TILASX-LATX
FCALXASAEX-CASXHEATX-TALX-TAEX))«SM=CIALL
COMLASX+LATX
“SALX-SAEXHEASX-EXATXHIALX+IAEX-)
+BI/LAEX-LATX
FCAEXHSATX-CALXHEASK-TALX-TASX))x P M=pdINL
COE/MLASX+LATXSALX-SAEX+'T
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Appendix D
MAPPER Input and Output
Files for Example Grid

This appendix presents an example grid and the associated input and output
files for MAPPER.C. The example consists of a 3 by 2 by 2 grid domain of
12.0 m3, with element dimensions 1.0 by 1.0 by 1.0 m. The node numbers are
shown at the corners and facial mid-points, and the element numbers are
indicated in the center of each element in Figure D1. Plan views are shown in
Figure D1 for the two layers at the top, middle, and bottom of each layer. The
node-element connectivity output file from RC4IC10.f is shown for the example
grid in Table D1. This file provides the input required for MAPPER.C. The
output files from MAPPER.C, MAP and GEO, are shown for the example grid in
Tables D2 and D3, respectively. Following is a description of the steps to
conduct this example, along with explanations for the input and output files.

MAPPER Input File Description

The hydrodynamic grid is initially generated by the FastTABS program,
which is a preprocessor and postprocessor for two-dimensional (2-D) finite
element models maintained by the U.S. Army Engineer Waterways Experiment
Station Coastal and Hydarulics Laboratory. The user interactively constructs a
grid within FastTABS that then outputs a mesh geometry file for later input into
RMA. All information contained in this file is subsequently written by RMA to
what is referred to as the RMA binary output file. This RMA output file
ultimately will contain a complete geometric description of the grid in 3-D along
with the time-varying hydrodynamic flow fields. The RC4IC10.f postprocessing
program reads the RMA binary output file and creates the node-element
connectivity file, which is the input file for MAPPER.C

The node-element connectivity file (i.e., Table D1) is described as follows.
Information in the first section of this file describes the 2-D mesh geometry of
the grid. Each line begins with a line type code consisting of two or three letters.
Code definitions follow below.
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Figure D1. Plan view of example 3 by 1 by 2 grid (Sheet 1 of 3)
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Figure D1. (Sheet 2 of 3)
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T1 thru T3: Titles. T1 and T2 are optional, T3 is necessary.

SI: Signifies English or SI units. English =0, SI=1.

$L: logical unit numbers used by RMA specific routines.

GO: Used to input the nodes of a GO string (RMA term). Used as a
reference line for a renumbering of node identifier numbers done by RMA
internally.

GE: Element definitions.

Field Description

1  The first integer is the element identifier.

2-9 The next eight integers define the nodal connectivity of the element.

The node ordering is counter-clockwise beginning at a corner then
sequentially around the perimeter. Eight integers are always used.
Triangular elements that have only six nodes will have the remaining two
integers set to zero.

10 Material identifier (internal to RMA)

11 A real value. Represents the direction of the eddy viscosity tensor
for the element and is usually left as zero.

GNN: Corner node coordinates.
Field  Description
1  Integer. Node identifier.
2  Real. X coordinate.
3  Real. Y coordinate.
4  Real. Z coordinate.
Midside nodes are not listed. They can be calculated from corner nodes.

Information in the second section Table D1 describes the depth dimension of
the grid. This section begins with the specification of the following parameters:

NP - Total number of nodes in grid.
NE - Total number of elements in grid.

NPM - Total number of nodes in the surface plane.
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NEM - Total number of elements in surface plane.

Next, the number of nodes beneath each surface node, including the surface
node, and an integer indicating the numbering of this column of nodes are
specified.

NDEP - Total number of nodes in a column. A column exists for each node
in the surface plane.

NREF - Nodes in the surface plane are numbered sequentially. However, all
other nodes are numbered in sequential order from the node beneath the
surface node to the bottom within a node column. This integer is the starting
node identifier for the first node beneath the surface plane node in a node
column plus 1.

The final section of Table D1 indicates for each node within a node column
whether it is internal to the grid or positioned on the boundary. The following
definitions apply.

NSURF: An integer associated with each node column indicating the type of
node column. Possible values are as follows:

0 - Internal node column.
1000 - Wall boundary exists at this node column.
1200 - Head boundary exists at this node column.

31000 - M2 tidal boundary exists at this node column.

MAPPER Output Files Descriptions

The program MAPPER.C reads the node-element connectivity file and
generates the output files MAP and GEO files used as input by ICM. When
MAPPER reads the node-element connectivity file, it builds an internal RMA
grid. MAPPER is aware of how RMA numbers its nodes and elements. After
completing the internal RMA grid, MAPPER can then write out the linkage and
geometry data ICM needs. MAPPER will create the MAP and GEO files. The
MARP file contains the RMA element to ICM cell correspondence and flow face
definitions. The GEO file specifies the vertical relationship between ICM cells
and lists the QUICKEST weighting distances.

ICM MAP File Description

The MAP file contains four sections of data. A brief explanation of each
section follows below.
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The first section lists the correspondence between ICM cell identifiers and
RMA element identifiers. Note that the two models have different numbering
schemes for their cells. This section establishes the relationship between the two
numbering schemes. The FEMCONVT.F program, which reads the RMA binary
output file, writes out data in terms of RMA internal element numbers and node
numbers; therefore, the information in this section will allow a unique
identification of each cell and flow face.

RMA numbers elements sequentially in the order of their creation for the
surface layer. Next, it numbers its elements from the bottom up to the layer
beneath the surface layer going from one column to the next in the order of the
element numbering in the surface layer. The ICM numbering scheme
sequentially numbers the cells within a layer starting with the surface layer then

progressing to the layer beneath till the last layer has been processed.
Definitions of the parameters for this section follow.

ICM - Unique ICM cell identifier.

FEM - Unique RMA cell identifier corresponding to the appropriate ICM
cell. '

The second section identifies each flow face in the grid. Definitions of the
parameters for flow face definition follow.

FFID - Unique flow face identifier.

ILB - QUICKEST far upstream weighting cell identifier.

IB - Cell identifier for flow donor cell.

JB - Cell identifier for flow receiver cell.

JRB - QUICKEST far downstream weighting cell identifier.

TYPE - Character variable indicating type of flow face. B indicates
Boundary. I indicates Internal flow face. '

ORIENT - Character variable indicating direction orientation. H indicates
face is oriented for horizontal flow. V indicates face is oriented for vertical
flow.

LAYER - Indicates what layer the flow face is in.

The third section lists the number of vertical flow faces in a cell column
beneath each surface cell. Definitions of the parameters for this section follow.

SB - Surface cell (box) identifier.

NVF - Number of vertical flow faces beneath the surface cell.
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The fourth section lists the vertical flow face identifiers for each ICM cell
column iterated in the third section. Definitions of the parameters necessary for
this section follow.

SB - Surface cell (box) identifier.

VEN - List of all flow face identifiers oriented vertically beneath a surface
cell.

ICM GEO File Description

The GEO file contains tree sections of data. A brief explanation of each
section follows below.

The first section identifies for each surface cell the bottom cell directly
beneath it. Definitions of the parameters for this section follow.

SB - Surface cell (box) identifier.

BBN - Bottom cell identifier.

The second section identifies for each cell, in increasing order, the cell
directly above it. Definition of the parameter for this section follows.

BU - Identifier of cell above. Cell identifier is implicit in line order.

The third section specifies the QUICKEST weighting distances for each flow
face. Definitions of the parameters for this section follow.

BI - Centroid to centroid distance between IB cell JB cell.

BID - Distance from centroid of IB cell to flow face.

BIL - Centroid to centroid distance between ILB cell and IB cell.
BIR - Centroid to centroid distance between JB cell and JRB cell.

TYPE - Character variable indicating type of flow face. B indicates
Boundary. Iindicates Internal flow face.

LAYER - Indicates what layer the flow face is in.
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